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Abstract
Investiga tions in to  the fo rm a tio n  o f mutagens were ca rrie d  ou t on cooked 
m eat and s ig n ific a n t m utagenic a c t iv ity  was de tected , using the Am es tes t, in 
e x tra c ts  o f the cooked ou te r la ye r. Th is m utagenic a c t iv ity  appeared to  be 
associated w ith  am ino-im idazo  azaarenes (A IAs) since, a fte r  H P LC , only the sub­
fra c tio n s  co -e lu tin g  w ith  2 -a m in o -3 ,8 -d im e th y lim id a zo (4 ,5 -f)q u in o xa lin e  (M elQ x), 
2 -a m ino -3 -m e thy lim idazo  (4 ,5 -f) qu ino line  (IQ) and 2-a m in o -3 ,4 -d im e th y lim ida zo  
(4,5- f )  qu ino line  (M elQ) were found to  be m utagenic. The fo rm a tio n  o f m utagens 
appeared to  be reduced when add itive s /in g re d ie n ts  were inco rpora ted  in to  the food.
The b io a c tiva tio n  o f IQ, M elQ  and MelQx to  mutagens by ra t  hepa tic  
p repara tions was p re fe re n tia lly  ca ta lysed by the 3 -m e thy lcho lan th rene -induced  
cytochrom es P-448, and th is m icrosom e-m ed ia ted  m u tag e n ic ity  was p o te n tia te d  by 
the cytoso l. D iffe rences  in the a c tiv a tio n  o f IQ to  mutagens between hepa tic  59 
p repara tions derived fro m  A ro c lo r-p re tre a te d  Sprague-Daw ley and W is ta r ra ts  
were a ttr ib u te d  to  d iffe re n ces  both  in m icrosom al a c tiv a tio n  and cy to so lic  
p o te n tia tio n .
T ryp tam ine  inh ib ited  the b io a c tiv a tio n  to  mutagens o f IQ, M elQ x and, to  a 
lesser ex ten t, MelQ by 89 prepara tions derived from  W istar ra ts  p re tre a te d  w ith  
A ro c lo r 1254. This in h ib ito ry  e ffe c t  was much weaker, fo r  IQ and M elQ x in 59 
p repara tions derived fro m  s im ila r ly  p re tre a te d  5prague-D aw ley ra ts , whereas the 
b io a c tiva tio n  o f MelQ was enhanced by tryp ta m in e . I t  was concluded th a t the re  
are a t least tw o  d if fe re n t pathways o f m icrosom al m etabo lism  o f the A IA s, one o f 
w hich is inh ib ited  by tryp tam ine , the o the r pathw ay is tryp ta m in e -in se n s itive .
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Chapter 1. Literature review: The role of amino-imidazo 
azaarenes in the mutagenicity of cooked food.
l.J The formation of mutagens in cooked food.
1.1.1 H is to r ic a l background
The m u tag e n ic ity  o f cooked food had been investiga ted  since L ijin s k y  and 
Shubik (1964) e x tra c te d  a num ber o f p o ly c y c lic  a rom a tic  hydrocarbons (PAHs), 
including benzo(a)pyrene, fro m  the charred ou te r la ye r o f ch a rcoa l-b ro ile d  
beefsteaks. As the e x tra c ts  did not include any n itrogen -con ta in ing  compounds, i t  
was suggested th a t the fo rm a tio n  o f mutagens was due to  the pyro lys is  o f the fa t  
and not the p ro te in ; the burning o f the m o lten  fa t  on the open flam es resu lted  in 
smoke which enveloped the steaks, depositing hydrocarbons.
A decade la te r, Japanese researchers reported  the presence o f mutagens, 
d istingu ishab le  fro m  PAHs, in d im e thy l sulphoxide (DMSO) e x tra c ts  o f the smoke 
condensates and the charred ou te r laye r o f b ro iled  fish and bee f (Nagao e t ^1., 
1977b; Sugimura e t ^ . ,  1977b). Subsequent studies (Nagao e t ^ . ,  1977a; 
M atsum oto et a l., 1977, 1978) showed th a t the mutagens w ere organic bases w h ich  
o rig ina ted  fro m  the pyro lysis o f p ro te ins  and am ino acids. A cco rd ing ly , the  ta r 
generated from  the pyro lysis, a t tem pera tu res  above 400°C , o f am ino acids and 
pro te ins o f food o rig in , was fra c tio n a te d  and analyzed. The m utagenic a c t iv ity  was 
iso lated and a num ber o f m utagenic h e te ro cyc lic  a rom a tic  am ines were id e n tif ie d  
(Sugimura and Sato, 1983).
Two mutagens were iso la ted  fro m  the pyro lysate  o f D ,L -tryp to p h a n , w hich 
was the most m utagenic amino a c id -pyro lysa te  in the Ames tes t, nam ely 3 -am ino - 
l,4 -d im e th y l-5 H -p y rid o  (4,3-b) indole (T rp -P -1 ) and 3 -a m in o - l-m e th y l-5 H - 
pyrido (4,3,-b) indole (T rp-P -2) (Sugimura et ^ . ,  1977a; Kosuge e t a l., 1978).
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A no ther am ino acid which generated mutagens upon pyro lys is  was L -g lu ta m ic
acid  (Kosuge et 1978). The p rin c ip a l m utagenic components were id e n tif ie d  as
2 -a m in o -6 -rn e th y l-d ip y rid o (l,2 -a : 3 ',2 '-d )im idazo le  (G lu -P -1) and 2 -am inod ipyrido  
( I ,2 -a  : 3 ',2 '-d) im idazo le  (G lu -P -2) (Yam am oto e t 1978). Much weaker
m utagenic a c t iv ity  was a ttr ib u te d  to  the pyro lys is  p roducts o f L -lys in e  
(Wakabayashi e t 1978), L -phenyla lan ine  (Tsuji e t a l., 1978) and to tw o a - 
carbolines iso la ted fro m  the pyro lysate  o f soybean g lobu lin  (Yoshida e t £ l., 1978).
The mutagens T rp-P -1 , T rp -P -2  G lu-P-1 and G lu-P-2 were la te r  found to  be 
p o s itive ly  c lastogenic and carc inogen ic and th e ir  g e n o to x ic ity  has been w e ll-  
docum ented in many reviews (Sugimura, 1982; Sugimura and Sato, 1983; H a tch  e t 
^ . ,  1984; Sugimura e t ^ . ,  1986; H a tch , 1986).
Many studies on the pyro lys is-genera ted  mutagens in cooked foods
(Y am a izum i e t ^ . ,  1980; Yam aguchi e t ^ . ,  1980a,b; M atsum oto  e t £ l. ,  1981) 
revealed only tra ce  amounts o f T rp -P -1 , T rp -P -2  and G lu-P -2 , and only in foods 
subjected to  very high tem pera tures, not usually reached during dom estic  cooking. 
H owever, concern over the fo rm a tio n  o f mutagens in cooked food was much 
increased when Com m oner e t al. (1978) de tected  m utagenic a c t iv ity  in the basic 
fra c tio n s  o f fr ie d  beef and boiled beef e x tra c t, both subjected to  tem pera tu res  
low er than 200°C. The m utagenic m o ie ty  was found to be d is tingu ishab le  from  
e ith e r PAHs or p ro te in - and amino ac id -pyro lysa tes  and subsequent studies 
dem onstra ted th a t the mutagens responsible were am ino-im idazo  azaarenes (A IA s) 
(Spingarn et a l., 1980a; Fe lton  et ^ . ,  1981; Kasai e t ^ . ,  1980, 1981a,b,c; F e lton  et 
^ . ,  1984a,b; F e lton  e t ^ . ,  1986a,b). The A IA s  were found to  be e x tre m e ly  po ten t 
mutagens in the Ames test and were detected  in p ro te in -r ic h  foods subjected to 
cooking tem pera tures th a t varied from  1 00 °C  to  300°C (Spingarn e t ^ . ,  1980a,b; 
Sugimura, 1982; P ariza , 1982; K n ize  et a l., 1985).
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1.1.2 The m utagenic a c t iv ity  de tected  in foods subjected to 
dom estic-cook ing  p ro toco ls
Com m oner e t (1978) reported  th a t the s ig n ifica n t m utagenic a c t iv ity ,  in 
the Ames tes t, o f fr ie d  bee f and boiled bee f e x tra c t was (a) de tec ted  in the basic 
fra c tio n  o f the cooked food sample, (b) dem onstra ted in the presence o f Salm onella  
typh im urlum  s tra ins T A  98 and TA  1538 and (c) dependent on m e tabo lic  a c tiv a tio n  
w ith  hepatic  p repara tions (59 fra c tion s ). Cooking cond itions were shown also to  
have a considerable in fluence  on the m agnitude o f m utagenic a c t iv ity .  These 
findings were la te r con firm ed  by F e lton  e t £ l. (1981) w ith  fr ie d  m inced beef and by 
Kasai e t a l (1979, 1980) w ith  b ro iled  fish.
A survey, ca rrie d  out on mutagen fo rm a tion  in m a jo r p ro te in -r ic h  foods 
(Bjeldanes e t ^ . ,  1982b) and secondary sources o f d ie ta ry  p ro te in  (B jeldanes e t ^ . ,  
1982c) ind ica ted  th a t the various fa c to rs  th a t in fluenced the m agnitude o f 
m utagenic a c t iv ity  o f cooked food could be ca tegorized  as (a) food com position , (b) 
cooking conditions and (c) add itive s /in g re d ie n ts .
1.1.2,1 E ffe c ts  o f food com position .
P ro te in -r ic h  foods such as beef, pork and fish  dem onstra ted s ig n ific a n t 
m utagenic a c tiv ity  when subjected to  fry in g , b ro ilin g  or g r ill in g , w h ich  com prised 
the h igh-tem pera tu re  range o f dom estic  cooking (B jeldanes e t a l., 1982b; Gocke et 
^ . ,  1982; O vernik e t ^ . ,  1984). H ow ever, o the r p ro te in -r ic h  foods such as eggs, 
m ilk  and cheese, prepared under s im ila r cooking conditions, were non- or w e a k ly - 
m utagenic. Non-m uscle m eat products such as liv e r  and kidney also produced low 
m utagenic response (B jeldanes et ^ . ,  1982c).
F a t content was reported  to a ffe c t  the m agnitude o f m utagenic a c t iv ity  o f 
fried  beef (Spingarn et a l., 1981). I t  was suggested then tha t fa t was invo lved  in 
the fo rm a tion  o f the mutagens and th a t d iffe rences  between fish  and bee f in
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q ua n tity  and nature o f fa ts  caused the fo rm a tion  o f d if fe re n t m utagens. However, 
these suggestions were la te r  co n tra d ic ted  by B jeldanes et (1983) and H o ltz  e t 
al. (1985) and the ro le o f fa t was shown to  be re s tr ic te d  to  enhancing heat tra n s fe r 
in the food. W ater, on the o ther hand, seemed to  ac t as a m edium  fo r  the tra n s fe r 
o f w a te r-so lub le  mutagen precursors to  the surface o f the m eat in add ition  to  
ac ting  as a heat tra ns fe r agent (B jeldanes e t ^ . ,  1983; K n ize  e t ^ . ,  1985). These 
find ings were supported by the fa c t tha t a ll precursors o f am ino-im idazo  azaarenes 
were found to be w ater-so lub le  (T ay lo r e t £ l., 1984).
1.1.2.2 E ffe c ts  o f cooking conditions.
S ig n ifica n t m utagenic a c t iv ity  was produced during the  fry in g  o r g r ill in g  o f 
m eat (B jeldanes et W., 1982b) and the b ro ilin g  o f fish  (Kasai e t ^ . ,  1979). Deep 
fry in g  was not e ffe c t iv e  in enhancing the fo rm a tio n  o f mutagens (T a y lo r e t £ l., 
1982, 1983). Cooking p ro toco ls invo lv ing  low er tem pera tu res such as bo iling  or 
bra is ing resu lted  in the production  o f low or no m utagenic a c t iv ity  (B jeldanes et 
a l., 1982b). Prolonged bo iling , however, was found to  enhance the fo rm a tio n  o f 
m utagens in beef (T ay lo r e t a l., 1985) and pork (L in  e t£ l . ,  1982) e x tra c ts .
D uring the fry in g  o f m inced bee f p a ttie s , m utagenic a c t iv ity  could be 
de tec ted  a t tem pera tures between 150°C - 200°C  (D o la ra  e t 1979). Much 
h igher m utagenic a c tiv ity  was detected a t tem pera tu res betw een 250°C  and 300°C  
and th is increase in a c tiv ity  was a ttr ib u te d  in it ia l ly  to  the fo rm a tio n  o f mutagens 
d if fe re n t from  those form ed a t low er tem pera tu res  (F e lto n  e t ^ . ,  1984b). 
H ow ever, Knize e t al. (1985) reported  la te r th a t more o f the same m utagens were 
produced at h igher tem peratures, hence the increase in a c t iv ity  was re la ted  to  
q u a n tita tiv e  ra the r than q u a lita tiv e  changes.
1.1.2.3 E ffe c ts  o f add it ives/ingred ients.
A s ig n ifica n t reduction  in the m utagenic a c t iv ity  o f fr ie d  m inced bee f was
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observed when soy p ro te in  concen tra te  (SPC) was inco rpora ted  in the fresh m inced 
beef sample (Wang ^  a l., 1982). The desm utagenic a c t iv ity  o f SPC was 
investiga ted  by com paring its  e ffe c t  on the fo rm a tion  o f mutagens to  those o f (a) 
p ro te ins, (b) soy tryps in  in h ib ito rs , (c) pec tin  and (d) an tiox idan ts , a ll o f  which 
represented components o f soy p ro te in  concen tra te . The desm utagenic e ffe c t  o f 
an tiox idan ts  was dem onstra ted c le a rly  and i t  was concluded th a t the na tu ra l 
an tiox idan ts  present in SPC, such as ch lo rogen ic ac id ,cou ld  be responsible fo r the 
reduc tion  in mutagen fo rm a tio n . The syn the tic  an tio x id a n t b u ty la te d  hydroxy- 
anisole (BHA), also had a desm utagenic e ffe c t  on fr ie d  beef. Barnes and 
W eisburger (1984) dem onstra ted th a t inco rpo ra ting  the heavy m e ta l ch e la to r EOTA 
in fresh m inced bee f p a ttie s  decreased the fo rm a tion  o f mutagens during  fry in g , 
suggesting a ro le o f m e ta l ions in p rom oting  m utagenic a c t iv ity .  This suggestion 
was supported, in the same study, by the find ing  th a t iron  enhanced the 
m u tag e n ic ity  o f fr ie d  beef. O the r enhancers o f m utagenic a c t iv ity  o f fr ie d  beef 
include glucose, c re a tin in e  (Jbgerstad e t ^ . ,  1983a) and p ro line  (Ashoor e t ^1., 
1980).
1.2 Isolation techniques, identification methods and
reaction mechanisms
1.2.1 Iso la tion  o f m utagenic a c t iv ity  fro m  the basic fra c t io n  o f m eat or fish  
subjected to dom estic-cook ing  p ro toco ls
The mutagens form ed in fr ie d  bee f (C om m oner e t a l., 1978; F e lto n  e t £ l., 
1981, 1984b) and b ro iled  fish  (Kasai e t W., 1979) had been found to  concen tra te  in 
the basic fra c tio n , which was derived from  the cooked ou te r laye r using various 
e x tra c t io n /fra c t io n a tio n  procedures. These procedures are described fu l ly  in 
C hapte r 2 .
The f ir s t  a tte m p t to iso la te  the m utagenic a c tiv ity  fro m  the basic fra c t io n  
ex trac ted  from  frie d  beef (Spingarn e t a l., 1980a) was ca rried  out by (a) c lean-up 
on a s ilica  gel colum n, y ie ld ing  a basic su b -fra c tio n  (E lua te  II) w h ich  e lu ted  fro m
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the colum n w ith  30% m ethanol in e th y l ace ta te , (b) e lu tion  on a Sephadex LH  20 
colum n and (c) acid-base p a rtit io n .
A recen tly -deve loped  iso la tion  techn ique (F e lton  e t 1984b; see also 
chap ter 2, F ig . 2.4) in troduced  a m a jo r step o f clean-up o f the basic fra c tio n , 
e x trac te d  fro m  fr ie d  beef, on an ion-exchange (styrened iv iny lbenzene) p repa ra tive  
H PLC  colum n. Subsequent clean-up o f the m utagenic fra c tio n s  was achieved on 
N H ^- and C lB -bonded sem i-p repa ra tive  H PLC  colum ns and C IS - and CN-bonded 
a n a ly tica l H P LC  colum ns. Six m utagenic compounds were iso la ted  as single H PLC  
peaks and were la te r  id e n tif ie d  (F e lton  e t a l., 1986a) as am ino-im idazo  azaarenes 
(A IAs).
A IA s were also iso la ted  fro m  fr ie d  m inced beef a fte r  e x tra c tio n  w ith  blue 
co tto n  (co tto n  bearing co va len tly  linked trisu lpho -coppe r-ph tha locyan ine  residues) 
and p u r if ic a tio n  on a C M -ce llu lose  colum n then on a C18-bonded a n a ly tic a l H P LC  
colum n (Hayatsu e t 1983). Takahashi e t (1985) m od ified  th is  technique fo r  
beef e x tra c t by rep lac ing  colum n chrom atography on ce llu lose  w ith  acid-base 
p a r tit io n  and clean-up o f the bases on a SEP-PAK s ilica  c a rtr id g e .
The m utagenic a c t iv ity  o f b ro iled  fish  was f ir s t  ex trac te d , by Kasai £ t  
(1979), in to  the basic fra c t io n  (20% recovery) using the m ethanol 
ex t ra c t  io n /fra c tio n a tio n  procedure (see chap ter 2, F ig . 2.3). I t  was repo rted  then 
th a t even more m utagenic a c t iv ity  (40%) was present in the n on -e x tra c ta b le  w a te r-  
soluble fra c tio n , w h ich  rem ained in the aqueous laye r a fte r  e x tra c tin g  ou t the basic 
fra c tio n  w ith  d ie th y l e the r. This w a te r-so lub le  fra c tio n  com prised the h igh ly  po la r 
a rom a tic  bases which did not p a r tit io n  w e ll in to  e the r a t pH 10 (H a tch  e t £ l. ,  1984).
The m utagenic m o ie ty  derived fro m  b ro iled  fish was subjected to  severa l 
clean-up steps, inc lud ing  D ianion HP 20 colum n chrom atography, c h lo ro fo rm -
22
m ethano l-w a te r p a rtitio n in g  and Sephadex LH  20 colum n chrom atography. A fin a l 
c lean-up step on a s ilica  gel co lum n was ca rried  out p r io r  to  iso la ting  A IA s  using 
tw o C IS-bonded a n a ly tica l H P LC  columns, connected in series (Kasai ^  ^ . ,  
J981b). A lso using th is  technique Kasai e t (1981c) iso la ted  A IAs fro m  fr ie d  
beef.
1.2.2 Id e n tif ic a tio n  o f am ino-im idazo  azaarenes in fr ie d  beef and 
b ro iled  fish .
Ind ica tions th a t the mutagens form ed in fr ie d  beef were A IA s came when 
Spingarn e t a|. (1980a) dem onstra ted tha t a po ten t mutagen iso la ted  fro m  the food 
sample com prised a -h e te ro c y c lic  and phenylic  a rom a tic  protons and probab ly a 
m e thy l group on one o f the n itrogens. They also suggested a probable s tru c tu re  
w ith  a 3 -ring  skeleton (tw o  6 -m em bered and one 5-m em bered rings) fused tog e the r 
w ith  one amino group and one m e thy l group. These find ings were based on mass 
sp ec trom e try  (MS), dem onstra ting  the m o lecu la r w e igh t (m ^/e  = 198.0927), and 
F o u rie r-tra n s fo rm  nuclear m agnetic  resonance (NM R) analysis. A lthough  the 
iso la ted  mutagen had a s im ila r m o lecu la r w e igh t to  G lu-P-1 (see section 1.1.1), a 
pyro lys is  p roduct o f g lu tam ic  acid o f m o lecu la r fo rm u la  th in  la ye r
chrom atography, H PLC  and UV spectra  provided evidence th a t the tw o compounds 
were d iffe re n t.
Using s im ila r techniques Kasai e t (1980) dem onstra ted th a t the m a jo r 
mutagen iso lated fro m  bro iled  fish was 2 -a m in o -3 -m e th y lim id azo  (4 ,5 -f)qu ino line  
(IQ). The s tru c tu re  o f IQ (F ig . 1.1) was fu r th e r con firm ed  by X -ra y  c rys ta llog raphy  
on the synthesized m a te ria l (Yokoyam a e t ^1., 1980).
Low - and h igh-reso lu tion  MS and NMR were used also to  id e n tify  2 -a m in o -3 ,4 - 
d im e thy lim idazo  (4 ,5-f)qu ino line(M e lQ ), the main m utagenic p rin c ip le  in b ro iled  
fish (Kasai et a l., 1980), and 2 -a m in o -3 ,8 -d im e thy lim id a zo  (4 ,5 -f)qu in o xa line
23
(M elQx), the main m utagenic p rin c ip le  in fr ie d  beef (Kasai e t a l., 1981c).
Three o the r m utagenic A IA s  were detected in fr ie d  bee f and id e n tif ie d  as 
2 -a m in o -3 ,4 ,8 -tr im e th y lim id a zo (4 ,5 -f)q u in o xa lin e  (D iM e lQ x) (F e lto n  e t a l., 1986a),
2-am ino-1 -m e thy l-6 -pheny lim idazo (4 ,5 -b )pyrid ine  (PhIP) (F e lton  e t a l., 1986b) and 
2 -a m in o tr im e th y lim id a z o  pyrid ine  (TM IP) (Fe lton  e t ^ . ,  1986a).
A ll the e x tra c te d  A IA s  (F ig. 1.1) and o the r u n id e n tifie d  mutagens in fr ie d  
bee f were shown to be d istingu ishab le  fro m  the pyro lysis p roducts o f p ro te ins  and 
amino acids (F e lton  et ^ . ,  1984b) in th e ir resistance to  deam ina tion  fo llo w in g  
n it r i te  tre a tm e n t under ac id ic  cond itions (Tsuda et ^ . ,  1983, 1985).
The am ounts o f A IA s  detected  in fr ie d  beef and b ro iled  fish (Table  1.1) 
reported  in  the lite ra tu re  c ite d  above were found to vary considerab ly, possibly due 
to the d if fe re n t iso la tion  techniques used, incom ple te  recoveries  and 
in te r la b o ra to ry  va ria tions .
1.2.3 Mechanisms o f fo rm a tion  o f am ino-im idazo  azaarenes in 
cooked food
The M a illa rd  (non-enzym ic browning) reac tion  had been considered a p rim a ry  
in it ia to r  o f the com plex chem ica l changes tha t occur in foods during  cooking 
(Hodge, 1953; Ba ltes, 1982). The suggestion tha t this reaction  could be invo lved  
also in the fo rm a tion  o f mutagens in cooked food was put fo rw a rd  by Spingarn and 
G arvie  (1979) and P ow rie  e t £ l. (1981) and was la te r supported by the fin d in g , using 
model systems, th a t heating (a) sugar-am ino acids m ix tu res  (Spingarn e t ^ . ,  1983) 
or (b) crea tin (in )e , am ino acids and reducing sugars (Jbgerstad e t ^ . ,  1983a; G rivas 
et a l., 1985) led to  the fo rm a tion  o f mutagens.
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The suggestion tha t A IA s may be fo rm ed in the course o f the la t te r  reactions 
was proposed by JSgerstad e t a l. (1983b) in the fo rm a tio n  o f IQ, MelQ and M elQ x. 
The o rig in  o f the im idazo le  group was c re a tin in e , the p roduct o f heating the muscle 
co ns titu en t c rea tine  (Hughes e t £ l., 1960). The qu ino line and qu inoxa line  m o ie ties  
were supposed to  o rig ina te  fro m  substitu ted  pyrid ines and pyrazines re sp ec tive ly , 
p roducts o f the M a illa rd  reactions (Shibam oto, 1982) and the S trecke r degradation  
products o f free  am ino acids such as g lyc ine  or a lanine.
More re ce n tly  JSgerstad et (1986) illu s tra te d  the re a c tion  mechanisms 
(F ig. 1.1) invo lved in the fo rm a tio n  o f IQ, MelQ , M elQx, D iM elQ x and its  analogue 
2 -a m in o -3 ,7 ,8 -tr im e th y lim id a zo  (4 ,5 -f)qu inoxa line  (Negishi e t a l., 1984).
T ay lo r e t £ l. (1984, 1985) supported the suggestions c ite d  above by re p o rtin g  
th a t a ll precursors o f A IA s were w a te r-so lub le  compounds o f less than 500 D a ltons 
and co n firm in g  the p a r tic ip a tio n  o f free  am ino acids and the muscle degradation  
p roduct c rea tine  phosphate in the fo rm a tio n  o f mutagens in bo iled  beef e x tra c t.
1.3 Genotoxicity of amino-imidazo azaarenes
1 .3 .1  M u tagen ic ity
1 .3 .1 .1  Salm onella bioassay.
Several am ino-im idazo  azaarenes (A IAs), e x trac te d  m a in ly  fro m  fr ie d  beef 
and b ro iled  fish, have been reported  to be ex trem e ly  m utagenic in the Am es 
S a lm one lla /m am m alian-m icrosom e tes t (Sugirnura and Sato, 1983; Suqim ura e t a l., 
1986; F e lton  e t ^ . ,  1984a; H atch, 1986; see also chap te r 4, Table  4.3). The m ost 
po ten t among the A IA s assayed was MelQ (Table 1.2), w ith  IQ, M elQx and the tw o  
analogues o f D iM elQ x dem onstra ting  s lig h tly  w eaker m utagenic a c tiv it ie s . Since 
IQ was the ea rlies t o f the A IAs to be iso la ted  and id e n tif ie d  i t  has been used more 
than the o ther A IA s in subsequent studies o f the m utagenic ch a ra c te ris tic s  o f th is  
class o f mutagens and especia lly in the p re requ is ite  studies aimed a t o p tim iz in g
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tes ting  cond itions (F e lton  e t £ l., 1981; Gayda and P ariza , 1983; A lld r ic k  and 
Rowland, 1985; see also chap te r 4). The A IAs were found to requ ire  m e tabo lic  
a c tiv a tio n  to mutagens in the Am es tes t (H a tch  et a l., 1984, F e lton  e t a l., 1986a) 
and th is  a c tiv a tio n  was provided ro u tin e ly  by hepa tic  S9 p repara tions derived fro m  
A ro c lo r 1254-pre trea ted  ra ts (Am es e t ^ . ,  1975). However, A lld r ic k  and Rowland 
(1985) dem onstrated th a t un trea ted  and A ro c lo r-p re tre a te d  Syrian ham sters and 
Swiss alb ino m ice yie lded hepatic  S9 p repara tions which were also e ffe c t iv e  in 
a c tiv a tin g  IQ and MelQ to mutagens. In add ition , Gayda and P a riza  (1983) reported  
th a t IQ was read ily  a c tiva te d  by p rim a ry  m onolayer cu ltu res  o f adu lt ra t 
hepatocytes.
The m utagenic a c t iv ity  o f IQ and re la ted  compounds was shown to  be 
dependent on the am ino group and the m ethy l group on the im idazo le  rin g  since 
desam ino- and desm ethyl-lQ  were reported  to  be non-m utagen ic (Nagao e t £ l., 
1981; G rivas and Jbgerstad, 1984). Indeed Yamazoe e t al. (1983) dem onstra ted  th a t 
IQ was a c tiva te d  to mutagens via the cytochrom e P -448-m ed ia ted  N -h yd ro xy la tio n  
pathw ay. In the same study the m utagenic a c t iv ity  o f the N -hyd roxy  m e ta b o lite  
was ca lcu la ted  to  be 5 x 10^ re ve rtan ts  per nm ole, m ore po te n t than 
1,8 -d in itro p y re n e  (Rosenkranz et £ l., 1980).
Since the s ig n ifica n t m utagenic a c tiv ity  o f IQ was re s tr ic te d  to  Salm onella  
typh im urium  stra ins TA  98 and TA 1538 (Ames et ^1., 1975; Sugim ura and Sato, 
1983; W ild e t ^ . ,  1986, Table 1.3), i t  was concluded th a t the u lt im a te  rnutagen(s) 
derived fro m  IQ are h igh ly  spec ific  inducers o f fra m e s h ift m u ta tions. Nagao e t al. 
(1983a) and Shinohara ^  (1984) have ind ica ted  th a t the N -hyd roxy  m e ta b o lite  o f
IQ could be fu r th e r ac tiva ted  by conversion to the sulphate or a c e ty l conjugates 
and tha t these conjugates are the u lt im a te  mutagens.
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The cova len t b inding o f IQ m etabo lites  to b a c te ria l D N A  had been described 
prev ious ly  (Thompson e t J983; Brookm an e t 1985) and strong evidence fo r 
the fo rm a tio n  o f IQ -D N A  adducts was provided when 98% o f the m utagenic 
a c t iv ity  o f IQ expressed against Salm onella typh im u rium  TA  98, in the presence o f 
S9 prepara tions, was suppressed by DN A excis ion  re p a ir in the excis ion  re p a ir 
com peten t and o therw ise isogenic s tra in  TA 1978 (W ild  e t 1986; Table 1.3). 
W ithou t m e tabo lic  a c tiv a tio n  IQ was shown to  in te rca la te  in to  c a lf  thym us DN A 
(W atanabe e t ^ . ,  1982). This non-cova lent binding was considered responsible fo r 
the dem onstra tion  o f weak m u tag e n ic ity  when IQ was subjected to  the Am es tes t 
a t concen tra tions > 10 p g /p la te  in the absence o f S9 p repara tions (W ild  e t ^ . ,  
1985).
1.3.1.2 M am m alian bioassays
Bioassays in Chinese ham ster ovary (CHO) ce lls  were ca rrie d  ou t using the 
w ild  type s tra in  (A A 8 ) and a DNA re p a ir-d e fic ie n t s tra in  (UV-5; H a tch  e t ^ . ,  1982). 
IQ was reported  to e xh ib it very low, but measurable m utagenic a c t iv ity ,  and only in 
UV-5. The leve ls o f IQ in th is  study (20-100 p g /m l) were much h igher than those 
requ ired  to cause de tec tab le  m u tag e n ic ity  tow ard  Salm onella typ h im u riu m  TA  1538 
(H atch , 1986). The weak m u tagen ic ity  o f IQ in m am m alian bioassays was la te r  
a ttr ib u te d  to the fa ilu re  o f the e x tra c e llu la r m e tabo lites  o f IQ to reach o r re a c t 
e ff ic ie n t ly  w ith  the DN A o f the CHO ce lls.
The m utagenic a c t iv ity  o f IQ was assessed also by the in trasanguineous host- 
m ediated assays using Salm onella typh im urium  TA  98 and the Base tests  on 
Drosophila  (W ild e t a l., 1985). In the fo rm e r assay IQ induced a dose -p roportiona l 
increase o f re ve rtan ts  o f Salm onella typh im urium  TA 98 recovered fro m  the liv e r  
o f the m ice, and in the la t te r  10 induced X -lin ke d  recessive le th a l m u ta tio n s  in 
male germ  ce lls o f D rosphilia  m elanoqaster.
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In the mouse spot test, how ever, no s ig n ifica n t m utagenic a c t iv ity  o f e ith e r 
IQ or MelQ was de tec ted  (W ild e t a l., 1985; H atch, 1986).
1.3.2 C la s to qe n ic ity
IQ has been assessed fo r c la s to q e n ic ity  against two cy to g e n e tic  end points, 
chrom osom al aberra tions (CAs) and s is te r ch rom atid  exchanges (SCEs). In CHO 
ce lls  o f the A A 8 and UV-5 types, IQ was shown to  be weak in causing SCEs in the 
la t te r  and to cause no s ig n if ic a n t CAs in e ith e r ce ll line (Thompson e t ^ . ,  1983). 
However, since IQ had been shown to  induce unscheduled D N A synthesis (UDS) in 
the p rim a ry  cu ltu re  ra t hepa tocyte  (HPC) tes t (Barnes e t ^ . ,  1985) and m am m alian  
ce ll DNA damage in mouse leukaem ia ce lls (D olara e t a l., 1985) i t  could be 
concluded th a t the va ria tions  in the binding o f IQ to m am m alian D N A  were due to  
d iffe rences  in its  m e tabo lic  a c tiva tio n .
1.3.3 C a rc in o ge n ic ity
C hem icals capable o f inducing high reversion ra tes in the Am es te s t and 
causing D N A damage in m am m alian bioassays are usually considered p o te n tia l 
carcinogens (W eisburger and W illiam s, 1984), and IQ is not an excep tion . The 
find ing  th a t IQ caused neop lastic  tra ns fo rm a tio n  o f Balb 3T3 mouse em bryo 
fib rob las ts  (C o rtes i and D olara, 1983) was another in d ica to r o f p o te n tia l 
ca rc inogen ic ity . More re ce n tly , IQ has been shown to  cause tum ours a t va rious 
s ites in ra ts (Takayam a e t ^ . ,  1984; Tanaka et a]., 1985; Table 1.4) and m ice 
(Ohgaki et a l., 1984; Table 1.5). MelQ also has been shown to  be ca rc inogen ic  
(Ohgaki e t a]., 1985; Table 1.5), causing tum ours in m ice. F in a l assessment o f the 
ca rc inogen ic ity  o f M elQ x is c u rre n tly  under way (Sugimura e t a l., 1986).
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1.4 Aims of the work reported in this thesis
Since am ino-im idazo  azaarenes (A IAs) were found to  be the p redom inant 
mutagens in p ro te in -r ic h  foods subjected to  dom estic-cooking  p ro toco ls  and since 
pure A IA s  standards were ava ilab le  a t the s ta r t o f th is research, the general a im  
was to  conduct m u tagen ic ity  studies using A IA s as w e ll as m utagenic food 
fra c tion s .
Several labora to ries had been inves tiga ting  the fo rm a tio n  o f mutagens in 
cooked food, and various a n a ly tica l techniques, in vo lv ing  the 
e x tra c t io n /fra c t io n a tio n  and subsequent p u r if ic a t io n  o f the m utagenic food 
fra c tio n s , were developed. I t  was the re fo re  an in it ia l a im  to  se lect the m ost 
e ffe c t iv e  a n a ly tica l techniques and em ploy them , possibly w ith  m od ifica tio n s , 
throughout the research.
The Am es tes t is the m a jo r too l ava ilab le  fo r  tes ting  fo r  m u ta g e n ic ity . I t  is 
also through th e ir  potent a c t iv ity  in the Ames tes t tha t A IA s  are regarded as 
p o te n tia l human carcinogens. The second a im  o f the w ork, th e re fo re , was to 
conduct a thorough m u tagen ic ity  study on A IA s, w h ich  invo lved  (a) o p tim iz in g  the 
tes ting  cond itions  and (b) investiga ting  the ro le  o f m e tabo lic  a c tiv a tio n .
The th ird  and fin a l aim  was to conduct s im ila r studies, as above, using the 
m utagenic fra c tio n s  o f cooked foods. Since these fra c tio n s  represent ve ry  com plex 
tes t m a te ria ls , the m u tagen ic ity  assays could be conducted only on a q u a lita t iv e  
basis.
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Chapter 2 : The evaluation of three procedures employed for 
the extraction/fractionation of mutagenic fractions from  
grilled or fried beef.
2.1 Introduction
Since food materials are usually not in a form which may be directly 
subjected to mutagenicity assays, such as the Ames test (Ames ^  W., 1975) and 
since they frequently contain components which may interfere with such assays, it 
has been necessary to develop extraction and clean-up procedures prior to 
performing mutagenicity tests. Nagao et W. (1977b) used a simple extraction with 
dimethyl sulphoxide, as solutions in this solvent could be directly applied to the 
plates in the Ames test, and demonstrated mutagenic activity in extracts from 
charred beefsteaks. However, such a simple method does not perm it the 
characterization, identification or quantitation of the components with mutagenic 
activity and a number of methodological refinements have been introduced 
subsequently.
Commoner et W. (1978) used an aqueous extraction procedure followed by 
precipitation of protein with ammonium sulphate at pH 2 and subsequent 
fractionation by solvent extraction as shown in Fig. 2.1. Using this technique, 
these workers were able to demonstrate that the mutagenic activity formed during 
the grilling of minced beef patties was associated with the basic fraction and the 
method was employed by Dolara (1979) and Spingarn and Weisberger (1979) in 
studies of the effects of cooking conditions on the mutagenicity of minced beef. 
Since the mutagenic activity was associated with the basic components, the 
method was modified to improve the efficiency of the initial extraction by using 
0.1 M  HCl instead of water (Spingarn et al., 1980a; Wang et al., 1982).
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FRIED HAMBURGER
ACIDIC
&
NEUTRAL
FRACTIONS
HOMOGENIZE IN WATER 
ADJUST TO pH 2 WITH HCl 
SATURATE WITH AMMONIUM SULPHATE 
FILTER THROUGH GLASSWOOL 
AQUEOUS EXTRACT
EXTRACT WITH CH Cl_ (2%) 
2  2
 1
AQUEOUS
ADJUST TO pH 10 WITH 
AMMONIUM HYDROXIDE
EXTRACT WITH CH Cl _ (2X) 
2 2
AQUEOUS
BASIC
FRACTION
DISCARD
Fig.2.1. THE AQUEOUS EXTRACTION/FRACTIONATION PROCEDURE. 
Commoner at al.(l978).
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The use o f am m onium  sulphate and am m onia in the forego ing methods was 
c r it ic iz e d  by Iwaoka _et (1981a) in th a t a r t ifa c tu a l fo rm a tio n  o f mutagens 
occurred in e x tra c ts  o f b iscu its , p robab ly due to  condensation o f  am m onia w ith  
ca rboxy l compounds and subsequent non-enzym ic brow ning re a c tion s  (Hodge,
1953). As a consequence P ariza  e t (1979) m od ified  the m ethod to  avoid the use 
o f am m onia or its  sa lts by p re c ip ita tin g  the  p ro te in  w ith  sodium sulphate and using 
sodium hydroxide to  ra ise the pH p r io r to  e x tra c tio n  o f the  bases w ith  
d ich lorom ethane. H ow ever, la te r  studies have ind ica ted  th a t the a r t ifa c tu a l 
mutagens form ed when e x tra c ts  o f ce rea l products were tre a te d  w ith  am m onium  
hydroxide  do not occur in the fra c tio n a tio n  o f e x tra c ts  o f m eat p roducts (Iwaoka e t 
a l., 1981b; F e lton  e t a l., 1981) though the use o f high pH values during  
fra c tio n a tio n  did lead to  the fo rm a tio n  o f mutagens.
As an a lte rn a tiv e  to  acid e x tra c tio n  and subsequent p ro te in  p re c ip ita tio n , 
o th e r methods have been developed using acetone (F e lto n  e t a l., 1981) o r m ethanol 
(Kasai e t ^ . ,  1979) as e x tra c tio n  solvents. In  the fo rm e r m ethod (F ig . 2.2) the 
acetone e x tra c t is subsequently fra c tio n a te d  using so lvent e x tra c t io n  alone 
whereas in the  la t te r  m ethod, (F ig . 2.3) the basic fra c t io n  is fu r th e r fra c tio n a te d  
by s ilica  gel ch rom atography, w h ich  concen tra tes  m utagenic a c t iv ity  in  the  sub­
fra c tio n  w hich e lu tes using 30% m ethanol in e th y l a ce ta te  (E lua te  II). Sub­
fra c tio n a tio n  o f the basic fra c t io n  by s ilic a  gel ch rom atography has also been 
applied to  the inve s tiga tio n  o f  cooked bee f mutagens a fte r  using an acid  e x tra c tio n  
procedure (Spingarn e t ^ . ,  1980a).
O the r techniques used in  the iso la tion  o f m utagenic a c t iv ity  fro m  fr ie d  bee f 
invo lved a clean-up step using adsorp tion  on to  an A m b e r lite  X A D -2  res in  
(B jeldanes e t ^ . ,  1982a) o r on blue co tto n  (H ayatsu  e t ^ . ,  1983). The fo rm e r 
technique was la te r m o d ified  by F e lton  e t (1984b) (F ig  2.4).
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GRILLED BEEFSTEAK
ACIDIC
&
NEUTRAL
FRACTIONS
HOMOGENIZE IN ACETONE 
STORE OVERNIGHT AT -18*C
CRUDE EXTRACT
FILTER & EVAPORATE SOLVENT 
DILUTE RESIDUE WITH 0,01 M HCl 
EXTRACT WITH CH^Cl * (jX)
 1
AQUEOUS
ADJUST pH TO 12 WITH 
8 M NaOH
EXTRACT WITH CH^C1^()X)
BASIC
FRACTION
AQUEOUS
DISCARD
Pig.2.2. THE ACETONE EXTRACTION/FRACTIONATION PROCEDURE. 
Felton et al. (l$8l)
(*) NaCl wao need to break down the emaleions formed,
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FRIED BEEF
HOMOGENIZE IN METHANOL 
CENTRIFUGE & . COLLECT SUPERNATANT
CRUDE EXTRACT
FILTER & EVAPORATE TO DRYNESS 
DISSOLVE RESIDUE IN 1 M HCl 
Œ R A G T  WITH DIETHYL ETHER* (jX)
DIETHYL ETHER 
ACIDIC & NEUTRAL 
FRACTIONS
A(^O U S
ADJUST pH TO 10 WITH 
6 M NaOH
EXTRACT WITH DIETHYL ETHEEf(5X)
DIETHYL ETHER
BASIC FRACTION
'  I
AQUEOUS
DISCARD
EVAPORATE TO DRYNESS
DISSOLVE RESIDUE IN ETHYL ACETAIE
LOAD ON A SILICA GEL ( MERCK 70-250 )
COLUMN (2 cm)dO cm ) EQUILIBRATED WITH
ETHYL ACETATE
ELUTE WITH:
I
ETHYL ACETATE
I
50 % METHANOL 
IN ETHYL ACETATE
METHANOL
ELUATE I ELUATE II ELUATE III
Fig.2.3. THE METHANOL EXTRACTION/FRACTIONATION PROCEDURE.
Kaeai et al. (l979)
(*) NaCl waa uaed to break down the emulalona fonned.
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FRIED BEEF
HOMOGENIZE IN •0.01 M HCl ( pH 2) 
CENTRIFUGE
PELLET
DISCARD
SUPERNATANT
Ï-----------
SUPERNATANT
ADJUST pH TO 7 WITH 6 M NaOH 
CENTRIFUGE
 1
PELLET
DISCARD
APPLY ON XAD-2 RESIN 
ELUTE WITH:
r —
ACETONE
 1
METHANOL
COMBINE THE
ACETONE & METHANOL ELUATES
EVAPORATE TO DRYNESS
DISSOLVE RESIDUE IN 0.01 M HCl
ADJUST pH TO 2 WITH l M HCl
EXTRACT WITH CH Cl *
2 2
AQUEOUS
I---
AQUEOUS
ADJUST pH TO 12 
WITH 6 M NaOH
EXTRACT WITH CH Cl * 
  2 2
CH2 C I2
ACIDIC
&
NEUTRAL
FRACTIONS
REPEAT XAD-2 RESIN 
ADSORPTION
POLAR BASES NON-POLAR BASES 
= 1 ----------------
BASIC FRACTION
Flg.2.4. THE ACID-XAD ADSORPTION EXTRACTION/FRACTIONATION PROCEDURE. 
Felton et al.(l984b)
(*) NaCl waa uaed to break down the emulsions formed.
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The v a rie ty  o f techniques w h ich  had been developed to fra c tio n a te  m utagenic 
a c t iv ity  fro m  various cooked m eat and fish  p roducts ind ica ted  a need to  eva luate  
w hich m ethod would be m ost s a tis fa c to ry , possibly w ith  m o d ifica tio n , to  the 
q u a n tita tiv e  in ves tiga tion  o f m utagens o f the am ino-im idazo  azaarene class in 
cooked meats. Three procedures w ere  se lected  fo r  eva lua tion  based on a re v ie w  o f 
the  lite ra tu re  c ite d  above. These w ere the  acetone, m ethanol and a c ld -X A D  
adsorption e x tra c t io n /fra c t io n a tio n  procedures.
2.2 Materials and Methods
2.2.1 C hem ica ls
A ce tone  A R , m ethanol A R , m ethanol H P LC  grade, w a te r H P LC  grade, 
sodium hydroxide, sodium ch lo ride , h yd roch lo ric  acid , d ie th y l e th e r and a c e to n itr ile  
(M ay and B aker L td ., Dagenham, U .K .), d im e th y l sulphoxide (DMSO), 
d ich lorom ethane  (C H gC lg), benzene, s ilica  ge l 60 M erck 7734, 70-230 mesh and 
A m b e r lite  X A D -2  resin  (BD H  C hem ica ls L td .,  Poole, D o rse t, U .K .), 2 -
am inoanthracene, 9 -am inoacrid ine  (Sigma, Poole, D orse t, U .K .), 2 -n itro flu o re n e , 
N -m e th y l-N '-n itro -N -n itro so g u a n id in e  (M N N G ) and 5 -n itro q u in o lin e - l-o x id e  (A ld r ic h  
C hem ica l Co., G illingham , D orse t, U .K .) were purchased. IQ , M elQ  and M elQ x 
were a generous g i f t  fro m  P ro fessor K . O lsson, U n iv e rs ity  o f A g r ic u ltu ra l Sciences, 
Uppsala, Sweden.
2.2.2 Food m a te ria ls
Beefsteaks, m inced bee f and corn  o il (P resto) were purchased fro m  a lo ca l 
superm arket.
2.2.3 P repa ra tion  o f  the  A m b e r lite  X A D -2  resin  colum n
The resin was e x tra c te d  in sequence in a S oxh le t apparatus fo r  48 hours each 
w ith  m ethanol, benzene, a c e to n itr ile  and again w ith  m ethanol. The c lean  res in  was
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stored  in  m ethanol.
The colum n was prepared by apply ing a suspension o f the resin in  m ethanol to  
a co lum n (25 cm  x 2 cm ), w ith  a bed volum e o f  ca. 75 m l, plugged w ith  glass wool. 
The colum n was then washed w ith  5 bed volum es o f m ethanol fo llo w ed  by 5 bed 
volum es o f  d is t ille d  w a te r.
2.2.4 P repa ra tion  o f the  cooked food m a te ria ls
2.2.4.1 Beefsteaks.
Three beefsteaks (580 gm) w ere g r ille d  a t a surface  tem pe ra tu re  o f 280°C  to  
300°C  fo r  8 m inutes on one side and 4 m inu tes on the o the r. The tem pe ra tu re  was 
m on ito red  by a therm ocouple  connected to  a Kane-M ay 2013 d ig ita l read -ou t 
m e te r. The cooked o u te r la ye r (2 m m ), d issected and co lle c te d  fro m  the th ree  
beefsteaks, weighed 109 grams.
2.2.4.2 F ried  M inced B eef.
M inced bee f (6400 gm) was re -m inced  using a T e fa l food processor. Round 
pa ttie s , 50 gm in w e ig h t and 1 cm in th ickness, were prepared. The p a ttie s  w ere 
fr ie d  in  corn o il in  a sta in less s tee l fry in g  pan. The o il was heated on a gas cooker 
be fo re  the  p a ttie s  w ere added in batches o f f iv e . The p a ttie s  w ere  fr ie d  fo r  5 
m inu tes on each side and the fry in g  tem pe ra tu re  was m on ito red  by therm ocoup les, 
loca ted  in the fry in g  o il and in the cen tre  o f the p a ttie s  and connected  to  a 
S o la rtron  data logger. The cooking t im e  and tem pera tu re  are shown in  F ig . 2.5. 
The cooked o u te r la ye r (2 mm ), d issected and co lle c ted  fro m  the b e e f p a ttie s , 
weighed 1897 gm.
2.2.5 E x tra c t io n /fra c t io n a tio n  o f mutagens fro m  g r ille d  beefsteaks
The cooked o u te r laye r o f the g r ille d  beefsteaks (see sec tion  2 .2 .4 .1) was 
subjected to  the acetone e x tra c t io n /fra c t io n a tio n  procedure ou tline d  in  F ig . 2.2.
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Fig. 2.5 Cooking time/temperature of 
tried beef p a t t i e s . ”
•) temperature of oil (middle of the pan)
o) temperature of oil (sides of the pan)
a ) temperature at the centre of the patty
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The basic fra c tio n  so obta ined was dissolved in DMSO a t a co nce n tra tio n  o f 
10 m g /m l and tested fo r m u tag e n ic ity  in the Am es test.
2.2.6 E x tra c tio n /fra c t io n a tio n  o f mutagens from  fr ie d  m inced bee f
The cooked ou te r la ye r o f fr ie d  m inced bee f (see section 2.2.4.2) was used in 
the fo llo w in g  experim ents:,
2.2.6.1 The recovery  o f IQ using the  m ethanol e x tra c tio n / 
fra c tio n a tio n  procedure.
In o rder to  assess the recovery  o f IQ using the  m ethanol 
e x tra c t io n /fra c t io n a tio n  procedure, 750 gm o f the cooked o u te r la ye r o f fr ie d  
m inced bee f were hom ogenized in  a Kenwood b lender to  a granu la ted  te x tu re . The 
homogenized food m a te r ia l was spiked w ith  4 mg o f  IQ  by add ition  o f  a m e thano lic  
so lu tion  (2 m g /m l) to  the  d ry  cooked food m a te r ia l and thorough m ix ing . The 
m ix tu re  was then e x tra c te d  w ith  m ethano l and fra c tio n a te d  as shown in F ig . 2.3.
The th ree  basic su b -frac tio n s  obta ined, s ilica  gel e iuates I, II and III were 
each evaporated to  dryness. The res idua l so lid  m a te ria ls  designated E l, E li and E III 
respec tive ly  were weighed then dissolved in m ethanol a t the  fo llo w in g  
concentra tions:
E l (10 m g/m l)
E li (10 m g/m l), (1 m g /m l) and (0.1 m g/m l)
E III (10 m g/m l).
These m ethano lic  so lu tions were subjected to  H PLC  (see section  2.2.7).
2.2.6.2 The e ffe c t  o f  pH on the recovery  o f m utagenic a c t iv ity .
In o rder to  inves tiga te  the  e f fe c t  o f pH values used during  the  
e x tra c t io n /fra c t io n a tio n  o f fr ie d  m inced beef, 497 gm o f the cooked o u te r la ye r 
were subjected to  a m od ified  m ethanol e x tra c t io n /fra c t io n a tio n  procedure  as 
shown in F ig . 2.6.
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FRIED BEEF
HOMOGENIZE IN METHANOL (>X) 
STORE OVERNIGHT AT -18*C 
CRUDE EXTRACT
BUFFER (pH 4 .5 )
FILTER & EVAPORATE TO DRYNESS 
DISSOLVE RESIDUE IN*
1 M BCl (pH 0.66)
EXTRACT WITH DIETHYL ETHER * 
(JX)
I---
pH 10
DIETHYL
ETHER
1 1 
AQUEOUS AQUEOUS
1
DIETHYL
ETHER
ACIDIC ACIDIC
& &
NEUTRAL NEUTRAL
FRACTIONS
ADJUST pH 
WITH 6 M NaOH 
TO:
FRACTIONS
I----------
DIETHYL
ETHER
I
pH 8
I
EXTRACT WITH DIETHYL ETHERw
r
pH 8 pH 10
- I
AQ.
DIS.
BP2
I----
DIETHYL
ETHER
1
BP 3
—
DIS.
DIETHYL
ETHER
T
BF4
AQ.
DIS.
DIETHYL
ETHER
AQ.
DIS.
EPI
SUE-PRACnONATE ON SILICA CEL AND COLLECT THE 
30 %  KETEiNOL IN ETHYL ACETATE ELUATE (ELUATE H X
S 2
EVAPORATE TO DRYNESS
sS S 4 S 1
Fig. 2.6 The extraction/fractionation of 
mutagens from fried beef using 
different pH values.
AQ - Aqueous
DIS. - Discard
BF. - Basic fraction
S. - Silica gel eluate II; eluted from the
silica column with 30% methanol in ethyl 
acetate.
*) NaCl was used to break down the emulsions 
formed.
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The crude e x tra c t was d iv id  ed in to  tw o  equal po rtions , the  f i r s t  was 
dissolved in 1 M  H C l (200 m l) and the second in ace ta te  b u ffe r  a t pH 4.5 (200 m l) 
p r io r  to e x tra c tio n  o f the ac id ic  and neu tra l fra c tio n s  w ith  d ie th y l e the r. The 
aqueous phase derived fro m  each p o rtion  was then fra c tio n a te d  w ith  d ie th y l e th e r 
a t pH 8 to  g ive basic fra c tio n s  B F l and B F ^ o r  a t pH 10 to  g ive  fra c tio n s  BF3 and 
BF4. Each basic fra c tio n  was then su b -frac tio n a te d  by s ilica  gel chrom atography 
(F ig  2.3) and the m a te r ia l w hich e lu ted  w ith  30% m ethanol in e th y l a ce ta te  was 
evaporated to  dryness, weighed and designated S I, 52, S3 and S4 resp ec tive ly . 
DMSO so lu tions o f these sub-frac tions  were subjected to  the Am es te s t and to  
H PLC .
2.2.6.3 The e ffec tiveness  o f the acid -  X A D  adsorption 
e x tra c t io n /fra c t io n a tio n  procedure.
In o rder to  assess the a c id -X A D  adsorp tion  e x tra c t io n /fra c t io n a t io n  
procedure, 650 gm o f the cooked ou te r laye r o f fr ie d  m inced b e e f w ere  e x tra c te d  
w ith  0.01 M H C l (2 litre s ). The crude e x tra c t was then ce n tr ifu g e d  a t 9000 x g fo r
20 m inutes. The neu tra l supernatant, obta ined a fte r  re -c e n tr ifu g a tio n  a t pH  7 to
Mberlite
rem ove residual solids, was applied to  the^ X A D  -  Z  co lum n a t a f lo w  ra te  o f
10 m l/m in , fo llow ed  by 5 bed volumes o f de-ion ized  H^O . The co lum n was e lu ted  
w ith  500 m l o f  acetone fo llow ed  by 400 m l o f m ethanol. The com bined acetone and 
m ethanol e luates were evaporated to dryness, then dissolved in 0.01 M  H C l (200 m l) 
a t pH 2, e x tra c te d  w ith  d ich lorom ethane and fra c tio n a te d  as shown in F ig . 2.4. 
The basic fra c tio n  so obta ined was su b -frac tio n a te d  by s ilica  ge l ch rom a tog raphy  
(F ig . 2.3) and e luates I, II and III were co lle c te d  then evaporated to  dryness. The 
residua l m a te ria ls  designated L I, L II and L II I  respec tive ly  w ere weighed then 
dissolved in  DMSO and subjected to  the Am es te s t and to  H P LC .
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2.2.7 Q u a n tita tio n  o f IQ by H PLC
H igh  perfo rm ance  liq u id  chrom atography was ca rried  ou t using the  W aters, 
Model 440 D e te c to r and Absorbance 254 nm. Model 6000 pump. M odel U 6 K 
In je c to r, liq u id  chrom atograph, w ith  a 30-cm  C l8 p Bondapak co lum n and a 
V ita tro n  2001 reco rder. F o r q u a n tita tiv e  eva lua tion , an L D C  308 com puting  
in te g ra to r was used to  ob ta in  w e ig h t/a re a  and w e ig h t/h e ig h t re la tionsh ips  fo r  IQ . 
M e thano lic  so lu tions o f  IQ w ere prepared a t the fo llo w in g  concen tra tions:
1 n g /p l, 5 n g /u l, 10 n g /u l, 15 n g /u l, 20 n g /u l, 25 n g /g l and 30 n g /p l.
The fo llo w in g  H P LC  cond itions were used:
Pressure = 1500 psi
Sample size = 5 p i
Range = 0.05 AUFS
F lo w  R a te  = 1 m l/m in
M ob ile  phase = 60% m ethanol 
C h a rt speed = 5 m m /m in .
The in te g ra to r was used as program m ed:
Peak W idth = 5
Skim  R a tio  = 8
Noise = As adjusted
M in  data  = 100
Threshold = 100
L in ea r regression analysis was perfo rm ed  using a N o rth  S ta r com pute r.
2.2.8 Assessment o f m u tag e n ic ity  using the Ames test
R ou tine  m u ta g e n ic ity  tes ting  was ca rrie d  ou t according to  the m ethod o f  
Am es e t a l. (1975). The various basic fra c tio n s  derived fro m  g r ille d  bee fs teaks and 
fr ie d  m inced bee f w ere tested  against Salm onella  typh im u rium  te s te r s tra in s  
TA  98, TA  1538, TA  1535, T A  1537 and TA  100.
S ta tis t ic a l analysis was ca rrie d  ou t using the  Student's t - te s t.
F o r fu l l  d e ta ils  o f the m a te ria ls  and methods used in the Am es te s t see 
C hapte r 4, section  4.2.
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2.3 R esults
2.3.1 The m utagen ic a c t iv ity  o f the  basic fra c tio n  derived fro m  g r ille d
beefsteaks using the acetone e x tra c tio n /fra c tio n a tio n  procedure
The basic fra c t io n  obta ined a fte r  the acetone e x tra c tio n /fra c t io n a tio n  o f the  
cooked oute r la ye r o f  g r ille d  beefsteaks weighed 57 mg. The resu lts  o f the tests 
fo r m utagenic a c t iv ity  o f th is  fra c t io n  against fo u r tes te r s tra ins o f Salm one lla  
typh im urium  are shown in  Table  2.1. I t  w i l l  be noted th a t no m utagenic a c t iv ity  
was detected  in the absence o f the  S9 p repa ra tion  in any te s te r s tra in . H ow ever, 
a fte r  m e tabo lic  a c tiv a tio n  by the  S9 p repa ra tion  a large num ber o f re ve rta n ts  
occurred in the fra m e sh ift-se n s itive  s tra ins  T A  98 and T A  1538. No a c t iv ity  was 
noticed  in  the T A  1535 (base-pa ir su bs titu tion ) and the TA  1537 ( in te rc a la tio n ) 
stra ins.
2.3.2 E x tra c tio n /fra c t io n a tio n  o f mutagens fro m  fr ie d  m inced bee f
2.3.2.1 The recovery  o f  IQ using the m ethano l e x tra c tio n / 
fra c tio n a tio n  procedure.
C a lib ra tio n  curves prepared fo r  the  q u a n tita tiv e  eva lua tion  o f IQ  in
m ethano lic  e x trac ts  o f fr ie d  m inced b ee f (see section  2.2.6.1) are shown in F ig . 2.7.
The three  basic fra c tio n s  E l, E li and E III derived a fte r  s ilica  gel 
chrom atography weighed the fo llo w in g :
E l = 20 mg
E li = 25.5 mg
EIII = 13 mg
The F P LC  chrom atogram s fo r  E li,  applied to  the colum n a t conce n tra tio n s  o f 
10 m g /m l, 1 m g /m l and 0.1 m g /m l are shown in F ig . 2.8. The am ount o f  IQ  presen t 
in E li could be ca lcu la ted  fro m  the w e ig h t/a re a  curve (F ig . 2.7a) using e ith e r  o f the  
tw o  concentra tions : 0.1 m g /m l o r 1 m g /m l. The chrom atogram  a t 0.1 m g /m l 
showed an IQ peak w ith  75 area un its  w h ich  corresponded to  12 ng o f IQ.
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Fig. 2.7 Calibration curves for the
quantitative evaluation of I Q .
Weight/area (a) and Weight/height (b) correlations 
were prepared using HPLC and a computing integrator
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Since 5 g l o f the so lu tion  conta ined  12 ng
A m ount o f IQ in E li = 2.53 x 10^ x 10^ g l x 12 ng
5 g l
= 612 gg.
A t  the h igher co nce n tra tio n  (1 m g /m l), the  IQ peak w ith  720 area un its  
corresponded to  150 ng o f  IQ.
Since 5 g l o f  the  so lu tion  conta ined  150 ng:
A m oun t o f IQ in E li = 2.55 x 10 x 10^ g l x 150 ng
5 g l
= 765 gg.
The to ta l am ount o f  IQ  recovered  in  the  experim en t included the  sm a ll 
amounts found in E l and E III. The ch rom atogram  o f E l (F ig . 2.9) showed the  IQ  
peak as a shoulder and the  in te g ra to r gave a fo rced  p r in to u t w ith  pe rpend icu la r 
drop to  the h o rizo n ta l baseline, so the  w e ig h t/h e ig h t cu rve  (F ig . 2.7b) was used to  
measure IQ recovery.
A  peak he igh t o f 8 cm  corresponded to  39 ng o f IQ . S im ila r ca lcu la tio n s  to  
the above showed the am ount o f  IQ recovered in th is  su b -fra c tio n  was 16 gg. I t  is 
recognised th a t, due to  the  poor reso lu tion , the  am ount o f IQ in  E l is an 
overestim ate . Since the peak o f  IQ in the chrom atogram  o f E III was fu l ly  reso lved 
(F ig. 2.10) the recovery  o f IQ was ca lcu la te d  fro m  the  w e ig h t/ area curve.
On th is  basis, the am ount o f  IQ in E III was es tim a ted  to  be 12 gg. The to ta l 
am ount o f IQ recovered according to  ca lcu la tions  using E li a t a co n c e n tra tio n  o f 
0.1 m g /m l is g iven by:
A m ount o f IQ = 612 gg + 16 gg + 12 gg 
= 640 gg
(the  percentage o f recovered IQ in E li was 95.6%)
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A t the higher concentration of Eli (1 mg/mi) the amount of IQ is given by:
Amount of IQ = 765 gg + 16 gg + 12 gg 
= 793 gg
(the percentage of recovered IQ in Eli was 96.4%)
Since the cooked outer layer was spiked with 4 mg of IQ, prior to the 
extraction, percentage of recovery is given by:
(640-r 4000) X 100 = 16%
(793-r 4000) X 100 = 19.9%
2.3.2.2 The effect of pH on the recovery of mutagenic activity.
The four basic fractions, derived from fried minced beef after methanolic 
extraction/fractionation using different pH values, (see section 2.2.6.2.) did not 
dissolve completely in ethyl acetate prior to silica gel chromatography. This 
resulted in a significant loss of material, only 50 to 70% of each basic fraction 
(BFl, BF2, BF3 and BF4) was sub-fractionated.
The yields of (a) the basic fractions recovered during 
extraction/fractionation, (b) the basic fractions dissolved in ethyl acetate and 
subjected to silica gel chromatography and (c) the basic sub-fractions (S I, 52, S3 
and 54) obtained are shown in Table 2.2.
When DM 50 solutions of 51, 52, 53 and 54 were subjected to mutagenicity 
testing the results shown in Table 2.3. were obtained. Sub-fractions 51, 52 and 54 
were mutagenic to tester strain TA 98 but not TA 100. Using the criterion that a 
tripling of the spontaneous reversion rate is needed for unequivocal demonstration 
of mutagenicity, 53 was non-mutagenic to both strains.
HPLC chromatograms of 51, 53 and 54 (Figs. 2.11., 2.12. and 2.13) showed 
very small IQ peaks. Insufficient yields of 52 were obtained for HPLC analysis.
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Table 2.3.
The effect of pH values used during the fractionation 
of fried minced beef on the mutagenic activity  
of the basic sub-fractions.
H is tid in e  re ve rtan ts  pe r plate®.
T es te r S tra in TA  98 TA  100
+59 -59 +59 -59
Sample^ w t/p la te
(ug)
51 1000 337 + 4 *  (11795) 8 + 3 78 + 11 52 + 2
52 1000 375 + 1 2 *  (6187) 8 + 4 98 + 20 49 + 8
53 100 40 + 7 *  (1120) 10 + 1 49 + 1 28 + 2
54 100 201 + 4 *  (10050) 12 + 5 47 + 8 46 + a
spontaneous
revers ion ra te 16 + 2 7 + 2 63 + 3 40 + 2
a) resu lts  are presented as mean + SD fo r  3 p la tes. T o ta l m utagen ic a c t iv ity  in  
each s u b -fra c tio n  is shown in paranthesis.
b) fo r  fu l l  d e ta ils  on the p repa ra tion  o f the samples see section  2 .2 .6 .2 .
*  P<0.05
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Retention Time (min)
Fig. 2.11 HPLC chromatogram of SI
SI was derived from fried beef using pH 0.68 
and pH 10 during the 1st and the 2nd (aqueous- 
diethyl ether) extractions respectively. For 
full details on sample preparation and HPLC see 
Materials and Methods, sections 2.2 .6 .2 and 
2.2.7.
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F i g , 2.12 HPLC chromatogram of S 3 .
S3 was derived from fried beef using pH 4.5 
and pH 8 during the 1st and the 2nd (aqueous 
diethyl ether) extractions respectively.
For full details on sample preparation and 
HPLC conditions see Materials and Methods, 
sections 2.2.6 .2. and 2.2.7.
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Fig. 2.13 HPLC chromatogram of S 4 .
S4 was derived from fried beef using pH 0.68 
and pH 8 during the 1st and the 2nd (aqueous- 
diethyl ether) extractions respectively.
For full details on sample preparation and HPLC 
conditions see Materials and Methods, sections
2. 2.6 . 2 . and 2.2.7.
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2.3.2.3 The e ffec tiveness  o f the acid - X A D  adsorption e x tra c tio n / 
fra c tio n a tio n  procedure.
The th ree  su b -frac tio n s  L I, L II  and L III obta ined fro m  the cooked ou te r la ye r 
o f fr ie d  m inced bee f a fte r  acid  -  X A D  adsorption e x tra c t io n /fra c t io n a tio n  weighed 
the  fo llo w in g :
L I = 25 mg
L II  = 33 mg
L III  = 35 mg
When DMSO so lu tions o f these su b -frac tions  were subjected to  the Am es te s t 
the resu lts  shown in Table  2.4. were obta ined. L II  was s ig n if ic a n tly  m utagen ic  to  
te s te r s tra in  TA  1538 bu t ve ry  w eakly so to  TA  100, whereas L I and L III w ere  on ly 
s lig h tly  a c tive  tow ard  T A  1538.
The H P LC  ch rom atg ram  o f L II is shown in F ig . 2.14. O nly sm all peaks fo r  IQ  
and M elQx were observed. In add ition  tw o  la rg e r and less po la r peaks w ere  
observed a t R t  27.4 m in and 31.2 m in re spec tive ly . These tw o  peaks w ere no t 
de tec ted  in su b -frac tions  fro m  the o th e r e x tra c t io n /fra c t io n a tio n  procedures 
described above.
2.4 Discussion
S ig n ific a n t fra m e s h ift m utagenic a c t iv ity  was de tec ted  in  the basic f ra c t io n  
derived fro m  g r ille d  beefsteaks using the acetone e x tra c t io n /fra c t io n a t io n  
procedure (Table  2.1). As p rev ious ly  observed (Nagao e t ^ . ,  1977c; H a tch  e t ^ . ,  
1982), the the rm a lly -g en e ra te d  mutagens were shown to  have absolute re q u ire m e n t 
fo r  m e tabo lic  a c tiv a tio n . The m agnitude o f the m utagenic a c t iv ity  de tec ted  in  the 
Am es te s t was com parable w ith  resu lts  obta ined by B je ldanes e t a l. (1982b) in th e ir  
screening o f  m a jo r p ro te in -r ic h  A m erican  dishes fo r  m u tag e n ic ity , using the  same 
e x tra c t io n /fra c t io n a tio n  procedure.
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Table 2.4.
The mutagenic activity of the three basic sub-fractions 
derived from fried minced beef using acid-XAD adsorption extraction/ 
fractionation and subsequent gel chromatography.
H is tid in e  re ve rta n ts  per p late*
T e s te r S tra in TA1538 TAIOO
+S9 -S9 +S9 -S9
Sam ple^ w t/p la te
(ug)
LI 500 60 + 1 2 * 10 + 1 102  + 12 106 + 5
L II 500 2022 + 144* 9 + 3 207 + 5 83 + 9
LII 50 163 + 26* 5 + 2 81 + 13 84 + 1
L III 500 193 + 33* 3 + 1 95 + 11 82 + 1
Spontaneous 
reve rs ion  ra te 6 + 1 3 + 1 77 + 6 74 + 3
a) resu lts  are presented as mean + SD fo r  3 p la tes.
b) fo r  fu l l  d e ta ils  on the p repara tion  o f the samples see section  2 . 2 .6 .3.
*  P<0.05
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MelQx
MelQ
0 10 20
Retention Time (min)
30 40
Fig. 2.14 HPLC chromatogram of L I I .
LII was derived from fried beef using the acid -XAD 
adsorption extraction/fractionation procedure. For full 
details on sample preparation and HPLC conditions see 
Materials and M e t h o d s , sections 2.2.6 .3. and 2.2.7.
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As an expe rim en ta l technique acetone e x tra c t io n /fra c t io n a tio n  (F ig, 2.2), was 
w ell-designed and re la t iv e ly  qu ick. The m utagenic basic fra c t io n  could be obta ined 
fro m  the cooked sample w ith in  48 hours, w ith  the f i l t r a t io n  process presenting  the 
s low est step in the whole procedure.
When the q u a n tita tiv e  eva lua tion  o f the m ethanol e x tra c t io n /fra c t io n a t io n  
procedure was ca rrie d  out, the poor recovery  o f IQ  (16-20% ) in the basic fra c t io n  
ind ica ted  s ig n ific a n t loss o f m a te ria l a t c e rta in  stages in the procedure. H ow ever, 
low  recoveries were reported  prev ious ly  (P a riza  e t a l., 1983). S ilica  ge l 
chrom atography, on the o the r hand, w h ich  was included in  the q u a n tita tiv e  
eva lua tion , presented an e ff ic ie n t  clean-up technique fo r  the basic fra c t io n , since 
m ost o f the recovered IQ was in  the basic s u b -fra c tio n  e lu ted  w ith  30% m ethano l in 
e th y l ace ta te  (see section  2 .3 .2 .1 .). I t  could be argued, how ever, th a t since the 
q u a n tita tiv e  eva lua tion  was based only on the recovery  o f the IQ used to  spike the 
food, the a c tu a l recovery o f the mutagens fo rm ed in bee f during  fry in g , w h ich  may 
be m ore f irm ly  bound to  the m a tr ix , was no t fu l ly  represented. Using ^ ^C -la b e lle d  
IQ , instead o f  unlabelled IQ, to  spike the food sample may have helped im prove  the 
eva lua tion  o f the e x tra c t io n /fra c t io n a tio n  since then the m on ito ring  o f IQ  recovery  
could be ca rrie d  ou t a t each p a r tit io n  stage, but u n fo rtu n a te ly  ^^C -la b e lie d  IQ  was 
no t ava ilab le  fo r these experim ents.
In the inves tiga tion  in to  the e ffe c t o f pH values on the recovery  o f  m utagens 
fro m  fr ie d  bee f i t  was observed th a t the  low er the pH values during  the  f i r s t  
d ie th y l e the r e x tra c tio n , the  h igher was the to ta l recovery  o f m utagen ic a c t iv ity .  
A t  pH 0.68 the d iva len t ca tion  IQ, w ith  pKa values 3.5 and 6 .6  and the m onova lent 
ca tio n  M elQ x, w ith  pKa 6.4 (Kasai e t a l., 1981b; Hayatsu e t 1983) w ere  fu l ly  
p ro tona ted , the re fo re  they were recovered o p tim a lly  in the aqueous phase.
On the o the r hand, the  h igher pH value o f the second e x tra c tio n  w ith  d ie th y l
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e th e r (pH 10) resu lted  in b e tte r recovery since, as expected, io n iza tio n  o f the 
bases was suppressed. On the basis o f the pka’s, i t  was ca lcu la ted  th a t a t pH 10, 
99.96% o f the e x tra c te d  IQ and 99.97% o f the e x tra c te d  M elQ x would be 
p a rtitio n e d  in to  the organic phase. However, a lthough e x tra c tio n  a t pH 8 fo llo w in g  
the  e ffe c t iv e  in it ia l e x tra c tio n  a t pH 0.68, y ie lded  less to ta l m utagenic a c t iv ity  
than th a t a t pH 10 (Table  2.3), w ith  only 96.2% o f IQ and 97.6% o f M elQ x 
recovered, i t  appeared also th a t less o f the m ore basic, non-m utagen ic bases w ere 
e x tra c te d  (Table  2.2). O ptim um  e x tra c tio n  cond itions, the re fo re , are w ith  f i r s t  
e x tra c tio n  a t pH 0.68 fo llow ed  by a second e x tra c tio n  a t pH 8 .
A  com parison o f the  H P LC  chrom atogram s o f tw o  su b -frac tions  w h ich  w ere  
s im ila r ly  iso la ted  fro m  fr ie d  m inced beef: E ll,  w h ich  was derived  fro m  the  IQ - 
spiked sample (see section  2.2.6.1) and S I, w hich was derived  fro m  the unspiked 
sample (see section  2.2.6.2) emphasized the find ing  by F e lton  e t (1984b) th a t no t 
m ore than 20 ng o f IQ were present in the cooked m a te r ia l derived  fro m  1 kg o f 
m inced beef.
In another com parison, L l l ,  the basic s u b -fra c tio n  derived  fro m  fr ie d  bee f 
using the a c id -X A D  adsorption e x tra c t io n /fra c t io n a tio n  procedure (Tab le  2.4), was 
m ore m utagenic than su b -fra c tio n  SI (Table 2.3) m entioned above. S ince (a) bo th  
sub -frac tions  were derived  fro m  the same o rig in a l sample o f fr ie d  m inced bee f, (b) 
m ethanol e x tra c tio n  (F ig . 2.3) was reported  to  be m ore e ffe c t iv e  than  acid  
e x tra c tio n  (F ig . 2.1)in the recovery o f mutagens fro m  fr ie d  bee f (Wang e t  W., 1982; 
Iwaoka e t a l., 1982) and (c) in the ac id -X A D  adsorp tion  e x tra c t io n /fra c t io n a t io n  
procedure, the c lean-up is perfo rm ed  on the resin co lum n, w h ich  rep laced  the  
p re c ip ita tio n  o f p ro te in  w ith  am m onium  sulphate and f i l t r a t io n ,  i t  cou ld  be 
concluded th a t the X A D -adso rp tion  process was responsible fo r  re ta in in g  the  
m utagenic a c t iv ity  w h ich  would o therw ise  probably be los t due to  the  sa ltin g  o u t 
e ffe c t  and/or adsorption o f the mutagens on the p re c ip ita te d  p ro te ins . X A D - 
adsorption was also e ffe c t iv e  in concen tra ting  the la rge volum es o f the  aqueous
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e x tra c t in to  much sm a lle r volum es o f acetone and m ethanol.
In conclusion the a c id -X A D  adsorp tion  e x tra c t io n /fra c t io n a tio n  procedure 
was c le a rly  the most e ff ic ie n t  among the  th ree  procedures evaluated. I t  provided 
h igher to ta l recoveries o f mutagens fro m  the fr ie d  bee f sample as w e ll as h igher 
sp ec ific  m utagenic a c t iv ity ,  th e re fo re  i t  was decided th a t th is  procedure would be 
em ployed in fu tu re  experim ents.
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Chapter 3 : The optimization of procedures for the isolation 
of amino-imidazo azaarenes from fried minced beef.
3.1 Introduction
E arly  studies on the iso la tion  and id e n tif ic a t io n  o f mutagens fo rm ed in m eat 
p roducts during h igh -tem pe ra tu re  cooking, underlined the im po rtance  o f fu r th e r 
c lean-up o f the basic fra c tio n s  derived fro m  the cooked ou te r laye r o f m eat (Kasai 
e t£ l . ,  1981a; H argraves e t 1982) and fish  (Kasai e t 1979, 1980, 1981b). The 
basic fra c tio n s  were obta ined a fte r  using any o f the various 
e x tra c t io n /fra c t io n a tio n  procedures described in C hapte r 2 .
A num ber o f ch rom atograph ic  procedures were developed in o rder to  achieve 
p re lim in a ry  clean-up o f the m utagenic food ex trac ts . These procedures included 
th in  laye r chrom atography (B jeldanes ^  a l., 1982a; Barnes e t a l., 1983a) or liqu id  
chrom atography on s ilica  gel (Kasai e t cd., 1979; H argraves and P ariza ; 1983). In 
many cases subsequent gel perm eation  chrom atography on a co lum n o f Sephadex 
LH  20 was ca rried  out (Kasai e t a l., 1980; Spingarn e t a l., 1980a). The recen t 
a v a ila b il ity  o f p repa ra tive  liqu id  chrom atography, how ever, reduced the need fo r  
the p re lim in a ry  techniques m entioned above. F e lton  e t (1984b) dem onstra ted 
th a t a p repa ra tive  reverse phase s ilica  colum n provided s ig n ific a n t separa tion  and 
p u r if ic a tio n  o f the basic fra c tio n  derived fro m  fr ie d  beef. M ore re ce n tly  Takahashi 
e t a l. (1985) reported  th a t SEP-PAK s ilica  ca rtridges  were e ff ic ie n t  in p u r ify in g  
the m a te ria ls  e x trac te d  from  food-grade bee f ex trac ts , using blue c o tto n , w ith  no 
fu r th e r need fo r  p repa ra tive  liq u id  chrom atography.
Subsequently, the p u rifie d  products o f the clean-up m ethods m entioned 
above, were subjected to  a na ly tica l H PLC  fo r the iso la tion  o f m utagenic a c t iv ity .
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A m ino -im idazo  azaarenes (A IAs) were e lu ted  fro m  a C IS -bonded H PLC  column 
w ith  m obile  phases conta in ing  m ethanol and d ie thy lam ine  (F e lton  e t 1984b) o r 
a c e to n itr ile  and phosphate b u ffe r a t pH 2 (Takahashi e t 1985).
In o rder to  op tim ize  the procedures fo r the iso la tion  o f A IA s  fro m  fr ie d  
m inced beef, w hich was prepared according to  the cond itions shown in C hapter 2 
section  2.2.4.2, the basic su b -fra c tio n  (L II), derived a fte r  a c id -X A D  adsorption 
e x tra c tio n /fra c t io n a tio n  (see F ig . 2.4) and s ilica  gel chrom atography (see F ig  2.3) 
was used as an H P LC  ana ly te . Since L II had a lready been subjected to  H PLC  (see 
F ig  2.14) using a sim ple m obile  phase conta in ing  60% m ethanol and since 
in troduc ing  counterions to  the m obile  phase was shown to  im prove  H P LC  reso lu tion  
(H a tch  e t ^ . ,  1984; F e lton  et ^ . ,  1984b; Takahashi e t a l., 1985), L II  was used to  
eva luate  fo u r H PLC  m obile  phases which conta ined v o la tile  (e.g. d ie thy lam ine ) or 
n on -vo la tile  (e.g. sulphonic acid) counterions.
F u rthe rm ore , since SEP-PAK ca rtridges  were reported  to  be su itab le  fo r  p re - 
H P LC  clean-up o f e x tra c ts  conta in ing  A IA s  (Takahashi e t a l., 1985), various Bond 
E lu t ca rtridges  w ith  d if fe re n t fu n c tio n a litie s  such as benzene sulphonic acid, 
phenyl, oc tadecy l or s ilica  were assessed fo r  e ffec tiveness  in iso la ting  IQ fro m  
fr ie d  m inced beef e x trac ts .
3.2 M a te ria ls  and M ethods
3.2.1 M a te ria ls  used fo r the eva lua tion  o f the H PLC  m obile  phases
M ethanol, a c e to n itr ile  and w a ter, a ll H PLC  grade, (M ay and B aker L td ., 
Dagenham, U .K .), orthophosphoric acid A .R . (85%), d isodium  hydrogen phosphate, 
d ie thy lam ine , heptane sulphonic acid, potassium  n itra te , (BDH C hem ica ls  L td ., 
Poole, D orset, U .K .) were purchased. F o r IQ and MelQx see C hap te r 2, section 
2.2.1.
A M odel LC A  15 e lec trochem ica l (EC) d e te c to r and M odel L C A  13 flo w  c e ll
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and e lectrodes (EDT Research, London, U .K .) were k ind ly  supplied by D r. John 
Dennis, M in is try  o f A g r ic u ltu re , F isheries and Food, N o rw ich , U .K . A Servoscribe 
CRE 511.20 p o te n tio m e tr ic  reco rder was connected to  the EC d e te c to r. The H PLC  
set-up was as described in C hapte r 2, section  2.2.7.
3.2.2 M a te ria ls  used fo r  e x tra c tio n  on Bond E lu t ca rtridges
s e x  "benzene sulphonic ac id ", PH "phenyl", C18 "o c ta de cy l" , and Si "S ilic a " 
Bond E lu t ca rtridges  w ith  500 mg sorbent (Jones ch rom atography L td ., 
L lanbradach, M id G lam organ, U .K .), acetone A R , m ethanol A R , (M ay and Baker 
L td ., Dagenham, U .K .), d ich lorom ethane, ch lo ro fo rm , o rthophosphoric  acid, 
am m onium  hydroxide (S.G. 0.88) (BDH C hem ica ls L td ., Poole, D orse t, U .K .), glass 
via ls (4 m l), stoppers and T e flon  lids (C hrom aco l L td ., Glen Ross House, Summers 
Row, London N12 O LD , U .K .) were purchased. A glass m an ifo ld  apparatus w hich 
was used fo r the e x tra c tio n  w ith  Bond E lu t ca rtridges  (see Append ix ) was 
m anufactured  by the glass b low ing  u n it a t the U n ive rs ity  o f Surrey.
3.2.3 The food sample used fo r  the eva lua tion  o f the H P LC  m ob ile  phases
The basic su b -frac tio n , L II, derived  fro m  fr ie d  m inced bee f (see C hap te r 2, 
section  2 .2.6 .3) was used fo r  H P LC  analysis.
3.2.4 The eva lua tion  o f fou r H PLC  m obile  phases
A liq uo ts  (2.5 to  10 g l)  o f the basic s u b -fra c tio n  L II were e lu ted  on an 
a n a ly tica l W aters C18 g Bondapak co lum n using the  fo llo w in g  m obile  phases:
MP(a) - 300 m l m ethanol, 10 m l orthophosphoric  acid,
+ 2 mm ole heptane sulphonic acid and 100 m m ole 
potassium n itra te  made up to  1 l i t r e  in w a te r.
MP(b) - 10% a c e to n itr ile  + phosphoric a c id /
disodium  hydrogen phosphate (25 m M) 
pH 2 (Takahashi e t ^ . ,  1985).
MP(c) - 3.8% a c e to n itr ile  + phosphoric ac id /
disodium hydrogen phosphate (25 m M) 
pH 2 (Takahashi e t ^ . ,  1985).
MP(d) - 30% m ethanol + 0.1% d ie thy lam ine
(Fe lton  e t a l., 1984b).
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When the m obile  phases MP(b) and MP(c) were used the e le c troch e m ica l 
d e te c to r was connected in series w ith  the W aters UV de te c to r; the em ergence o f 
H PLC  peaks was recorded on the Servoscribe and the  V ita tro n  recorders 
respective ly .
3.2.5 The food samples subjected to  e x tra c tio n  on Bond E lu t ca rtrid g es
Four a liquo ts  (25 gm) o f fr ie d  ground beef, prepared as described in chap te r 
2, section 2.2.4.2. were each hom ogenized in m ethanol. Each suspension was then 
cen trifuged  and the supernatant decanted, then evaporated to  dryness. The fo u r 
residual solid m a te ria ls  were dissolved in 5 m l o f 0.1 M H ^PO ^, HgO, 0.1 M NaOH 
and C H C l^ respec tive ly . Each so lu tion  was then spiked w ith  0.1 mg IQ added in 
m ethanol (10  m g /m l).
3.2.6 The recovery o f IQ fro m  fr ie d  m inced beef using Bond E lu t ca rtrid g es
3.2 .6.1 E x tra c tio n  on Bond E lu t SCX.
The SCX sorbent was washed successively w ith  3 m l each o f m ethanol, de­
ionized w a ter and 0.1 M H^PO ^ p r io r to the app lica tio n  o f 1 m l o f the food sample 
dissolved in 0.1 M H ^PO ^. F u rth e r successive washing w ith  3 m l each o f de­
ionized w a ter, m ethanol, acetone, d ich lorom ethane, acetone, de-ion ized  w a te r and 
1 m l o f 2% N H ^O H  in w a te r was ca rried  out.
The fra c tio n s  e lu ted w ith  four, 1 m l, a liquo ts  o f 2% N H ^O H  in m ethanol were 
each co llec ted , evaporated to dryness under N ^, then dissolved in 1 m l o f m ethanol.
3.2.6.2 E x tra c tio n  on Bond E lu t C18.
The C18 sorbent was washed w ith  3 m l o f m ethanol fo llow ed  by 3 m l o f de­
ionized w a te r p r io r to the app lica tion  o f 1 m l o f the food sample dissolved in H 2 O. 
The fra c tion s  e lu ted w ith  four, 1 m l, a liquo ts  o f m ethanol were co lle c ted .
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3.2.6 .3 E x tra c tio n  on Bond E lu t PH.
The PH sorbent was washed successively w ith  3 m l each o f m ethanol, de­
ionized w a te r and 0.1 M NaOH p r io r to  the app lica tion  o f 1 m l o f the food sample 
dissolved in 0.1 M NaOH fo llow ed  by 3 m l o f de-ion ized w a te r. The fractions- 
e lu ted w ith  fou r, 1 m l, a liquo ts  o f 50% m ethanol in w a te r were co lle c ted .
3.2.6.4 E x tra c tio n  on Bond E lu t Si.
The Si sorbent was washed w ith  3 m l o f C H C l^ p rio r to the a pp lica tion  o f
1 m l o f the food sample dissolved in C H C l^ . The fra c tion s  e lu ted  w ith  fou r, 1 m l, 
a liquo ts o f a m od ified  m obile  phase MP(a) (100 m l m ethanol, 10 m l H^PO ^ and
2 mm ole o f heptane sulphonic acid) were co lle c ted .
An a liquo t (10 p i) o f each fra c t io n  e lu ted fro m  Bond E lu ts : SCX, C 18, PH 
and Si and each o f the o rig in a l so lu tions was subjected to  H P LC . The H P LC  set-up 
was as described previously (C hapte r 2, section  2.2.7). When crude fr ie d  beef 
e x tra c ts  were used fo r  H P LC  analysis, the m od ified  m obile  phase MP(a) was used; a 
less po lar m obile  phase was needed to delay the e lu tion  o f IQ u n til a f te r  the m ore 
po lar crude food m a te ria ls .
3.3 R esu lts and Discussion
3.3.1 The eva lua tion  o f fou r H PLC m obile  phases
H PLC  chrom atogram s o f L II using the fou r d if fe re n t m obile  phases MP(a), 
MP(b), MP(c) and MP(d) are shown in F igs. 3.1, 3.2., 3.3. and 3.4. re sp ec tive ly .
R esolution was im proved s ig n if ic a n tly  by the in tro du c tio n  o f heptane 
sulphonic acid to the m obile  phase (F ig . 3.1). Am ong the w e ll-reso lved  peaks were 
the tw o large and less po la r peaks th a t were detected  previously (see C hapte r 2, 
F ig . 2.14). These two peaks were designated as peaks A and B, and since they 
contained substantia l amounts o f the basic su b -frac tio n , they were co lle c te d  fo r
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fu r th e r analysis. The m a te r ia l obta ined fro m  the tw o peaks was not s u ff ic ie n tly  
v o la tile  fo r  mass spectroscopic analysis. In fra -re d  spectroscopy, however, 
suggested th a t the components in A and B were non -a rom atic  and conta ined both 
NHg and N O 2 groups.
E lu tio n  w ith  MP(a), though e ffe c tiv e , had to  be avoided, because the heptane 
sulphonic acid present in the m obile  phase p re c ip ita te d  as a w h ite  powder in the 
in je c to r and the pump and caused blockages.
When e le c troch e m ica l d e tec tion , w hich accom panied m obile  phases MP(b) and 
MP(c), was ca rried  out, i t  did no t represent a b e tte r  a lte rn a tiv e  to  UV d e te c tion  
especia lly  fo r  the A lA s  (F igs. 3.2 and 3.3).
The best H PLC  reso lu tion  was obta ined w ith  m obile  phase MP(d) (F ig . 3.4). 
D ie thy lam ine  im proved the reso lu tion  w ith o u t presenting any tech n ica l d if f ic u lt ie s  
as was not the case w ith  heptane sulphonic acid. Using m obile  phase MP(d) made i t  
feasib le  to  c o lle c t the various H PLC  fra c tio n s  fo r fu tu re  m u ta g e n ic ity  studies (see 
C hapte r 5).
I t  is c lea r fro m  F ig . 3.4 th a t IQ and M elQx have the same re te n tio n  t im e  as 
tw o  substantia l peaks in L Il.  In order to de te rm ine  w hether those tw o  peaks were 
the tw o azaarenes i t  was necessary to  p e rfo rm  the fo llo w in g :
(a) spike L Il w ith  the tw o  standards and m o n ito r the p ro file  
fo r the emergence o f any new peaks,
(b) change MP(d) s lig h tly  from  30% m ethanol to  25% m ethanol and 
check w hether the tw o peaks were s t i l l  e lu ting  c le a rly , then spike.
The resu lts  fo r p a rt (a) con firm ed  th a t the spikes IQ and M elQ x co -e lu ted  
w ith  the tw o  peaks, but when the m od ified  MP(d) was applied, MelQx and IQ e lu ted  
as a l i t t le  peak and a shoulder to a peak respec tive ly  as shown in F ig . 3.5.
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Table 3.1
The percentage recovery of IQ from the various 
Bond Elut fractions
Type o f Bond E lu t ca rtr id g e
Bond E lu t
F rac tions SCX C18 PH Si
1st 12.5 35.8 25.0 5.0
2 nd 60.6 12.5 33.0 20 .0
3rd 8.6 2.0 6.7 6.9
4 th - - 1.4 -
T o ta l 81.7 50.3 66.1 31.9
3.3.2 The recovery o f IQ fro m  fr ie d  m inced beef 
using Bond E lu t ca rtridges
The H PLC  chrom atogram s o f the fra c tio n s  e lu ted  fro m  Bond E lu ts  SCX, C18, 
PH and Si are shown in Figs. 3.6, 3.7, 3.8 and 3.9, resp ec tive ly .
The recovery o f IQ was assessed by com paring the he igh t o f the IQ peak 
e lu ted  from  each o f the Bond E lu t fra c tio n s  w ith  the he ight o f the IQ  peak e lu ted  
fro m  the corresponding spiked food e x tra c t. The percentage recoveries  fo r  IQ are 
shown in Table 3.1.
Best recoveries were obtained in the Bond E lu t SCX fra c tio n s , m ostly  in the 
second fra c tio n . This was para lle led  w ith  clean-up o f the food sam ple. E x tra c tio n  
on Bond E lu t PH was shown to give poorer recoveries o f IQ than w ith  SCX b u t was 
s lig h tly  more e ffe c t iv e  in the clean-up process. E x tra c tio n  on Bond E lu ts  C18 or 
Si was in e ffe c tiv e  in e ithe r process.
78
O'
o
o
CQ
O '
o
o
o
o
rs i
O '
O
r*
O-  fN»
0)
o:
O)
o
Xi
"TD
O
V4
O
X
uco
tu
"O
c
o
CQ
C
O
c
o
u
cot-u_
ol
o
co
Cû
L U
'— ' o
c * o
- o o co
c E
co to
/---s T 3 O
o co •rH 4->
'— " *-> U
o co
- * o
/ —\ U g.
CQ >—* •r-4 •r-l
C
3 O o>
• U -, j e u
j C u u »
O u, f - 4 •rH
e u o 3
m  L U to
T—4
ü
z • • c O
to co u>
» 4 c •u»
• o  '•o e u  e u
o •iH • o 3
4-J rs) x z
C u
co lO o
u f 1 4
T 3 u -, C O
O) o E
> *-> • r-« E
3 U»
O r—i U CNI
lo  t u o
in 10 - 3
'O C
x > c •> a
o 10
•u» CQ T 5 j -
u o O
co T 3  j e e u
U. u . •M
*-> r o o X
X
0> T 3 r—1
C  T 3 E
0> CO c O
j e co f—4
U> T J
te (0
u -, CNJ j * : f 4
o co co O
* •r-C e u C
E *-> u co co
cO CO û> 0 3 j e
U. r—4 *-> C •M
DO co O 0>
O O «c CQ E
•M JC
CO •M <u 3 . f—4
E 0> E 3
O  U 4 co CO O
u . O O O
j e c O
u to o
E •iH
o co u> II II II
►u U co
eu Dûu
X O co <u
*-> {X to (U
(U coO co N
j e E U j e •rH
u» O e u eu to
u.
(O JC 0> C o 0)
• f-t u #—4 E f—4 f—4
e u 3 •r-l e u
/—X o E J 3 E
< u co O O co
co co O E co
tn
tu
=)
<
CNJ
C
ü
4~>
COu
o
DO 3
c  o
(0 *u '*4
(mu tsz) DDUEqjosqv
79
cy
o
o
o
O '
CO
o
O
O  L to
O
— rsi
7
(uiu tsz) ODUBqJOSqv
ü
c
o
c
o
•M
(U
o;
O
o
-o
ü
oj
t / l
uro
*->
X
ü
U-l
(D
Ü
JO
*o
(U
u
tu
'T3
C
o
OQ
C
o
c
o
uro
vu
O O
lu
e t
V-
OO
o
ro
E
OU
J C
u
(U
uro
T3
Cro
U
CQ
ce
V-ro
c-
o
j-
c-
o
C L
Ero
1/1
C
o
o CM ro
o
T3
T3
O)
O »-
in o  
tn t u
"O
K u  
0 )  ro  •  
k , vO  
<U lm  • 
JC
+J -M 
»4-t ,-t
O
rsj
ro
tu
Ero
c  
o
T 3  r-t
C -M 
C. O U
dOCQ <1> 
O m
*-> -o ro t» •> 
E ro t/> 
O T3
t. -o O 
JC C JC 
u  ro -M 
<i>
u  -o Z  
rJ C 
eu csi 13 
X C
~ ro
0) 4->
JC VI in
f—H r H
ro
t / l <l> -r-l
— I JC U,
<u
<  lm  
O
ro
c
E
3
1—4
o
o
u.
0)
•Mro
CL >  
3
C0) «r4
'3ro <u 
E tH
XJ ■
•iH
U  iro 
u ■
• rH
C
o
j :
p.
I—t
3
V)
O
Cro
+j
c .
(U
JC
o
ro
cero
x)
(C
o
CQ
O
O
E
E
x>
Cro
O
ex,
E
O
O
■g
JC
•»->
0)
E
E
O
O
o>
V)ro
JC
CL
0) (U
•rH
JO
O
E
to
tu
X
<
CNJ
o
V)
ex
Ero
to
o
ûO
Cro
u,
o*-»
ro
p
)
o
80
O'
o
rvj
O
rsj
O
rsi
O
O'
O
O '
c
CQ
O
O
rg
- O
<UCC
O
(m u fS Z )  o ^ u c c jjo s q v
O
o
rg
d
JZ
T)
Ü
•iH
cU(/)
*-»
uTO
k,
*->
X
0)
Uh
o
(U
JZ
'T3
0•H
U-i
tH
o
X
CU
+J
3rH
U)
X)
c
o
CO
C
o
c
o
00
ro
U)
O
c .
ETO
in
* O
O  in
-  TO
/—N *->
cc o 
^ * o
O  3TO *—
o •
in 
C c  
•r^  O  *•r-t to
-o *-» *(D U O  
>  TO • 
r g
O '*-1 •
in ro 
in *->
•ri 3 C 
T 3  O  
X  -H 
*-» *-> 
U *3 U TOCO
o  in
4-J CQ 
X
o  jQ in 
♦J -o 
0  'ta- O 
x: JC
4-» *3  <-» 
c  o  
^  TO z  
O
*3 T3 
E W C
TO ro TO 
C
CC -  in 
O  *3 
*-» C TO 
TO r g  "l-t
E »- 
O  •* O  
V- 4-> *-> 
JC in TO 
O •—r Z
0 0 0
^  JC O
c . 4-> in
=  c c  
o  c  o
JC TO'H *-> 4-»
in  ju  V-
c-
<-^"3 0  e c u
TO CL
TO
CL
TO
"3
C
O
CQ
U
c
E
3r-H
O
o
U
(U
CL4J
3 TO
0
T3 C
TO•r4
E
<U
U
T3 4J
•H • 1—I
U rH
TO
r—t
UT-t 0
c 4J
0
JC
f l*—4
3
in
0
C
TO
4->
CL
Q)
JC
0
r-4
0
E
E
rg
"3
(C
TO
j-
0
CLro
X
f—4
E
0r-l
r—4
0
cTO
JC
4->
0
E
E
Oo
JQ
o
E
inLL,
X
<
r g
O
0>
inTO
JC
CL
O O
CL
ETO
in
o
CO
cTO
J-
o
4-*
TO
U
o
81
ex orvi
U
O'
orsj
O
(uiu tsz) 9DUBqjosqv
o
«o
oex)
/ ---N C
P .-M  
P ro
(U
T3 C 
ro *H  
E
(U
J-.
Q  O 13 +-»
• H  *H
t/) (J  1—1
T J ro
C *rH r-Hrt ro U
■M • r f  O
\  (U C +->
C_) 'TD O
X
f—» Pu
1— 1 r-H
/—\ Z3 3
CQ V-t C/)
.  ^ O
CO O • C
r-« LL, TT
U
U
vO
in rxj
•M
A<D
x:
Uh C P: •
O •rH o to <3
<ü •iH f—H
JD 13 P» C o(U U o E
T3 > ro•rH E
(ü r-H p. ■M
•H O *+H U fxj
p. lO 0)
Uh to
•rH
p>
3
to 13P
P-l 13 r-H r o
O
■M
W to
13 J
•H u  13 O o
en ro C X a.Pr o P»
•M •M PQ 0) X3 X rC
r-H 0) 13 r—H
U P* 13 E
O ro P: O
13 X ro r-H
C +-> 13
O C to
m r o r-H X rH
o ro ro o
c 13 •rH PU c
o E c p. r o roo ro og 0) 13 X to
PUco
HH P4
Dû
p)
ro
c
O
p>
p P
•rH X O Z PQ E X<■M ■M •p» to
ro fH ro f—H (U PL rH r-H r x )C 3 E <3 E 21 r-H
O o tu to OO O O E
•iH 13 Pi X O O
+J <D X pj p: o r-H rH O
U u o
ro r-l tHH •rH II II II IIp. pu o O P» II
PU U) X
PU to
ro
p
X E ro P pro p . to
<u p. 0) ro N PX DO p, X •rH
o» •p> O PU PU to P>
p> ro
ro to ro <3 c p P P
P
• rH E r-H E r-H r-H
O Pu 3 •rH PU DO S
&0 ,—^ P# E i-H X E P o
•rH C  X ro o O ro ro r-H
PU '—" U to o E to P Uh
82
Considering the resu lts  above, the use o f Bond E lu t ca rtrid g es  could not be
(see Fig.2.3)
presented as a re lia b le  rep lacem ent fo r s ilica  gel ch ro m a to g ra ph y^a nd /o r gel 
perm eation  chrom atography fo r  p re -H P LC  clean-up o f fr ie d  m inced bee f samples .
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Chapter 4 : The optimization of mutagenicity testing for 
extracts derived from fried minced beef.
4.1 Introduction
Since its  deve lopm ent, the Am es S a lm one lla /m am m alian -m icrosom e te s t 
(Ames e t 1975) has been the m ost w ide ly  used s h o rt- te rm  tes t fo r  screening 
env ironm enta l mutagens and carcinogens (Am es and Haroun, 1980). The 
co rre la tio n  between ca rc in o g e n ic ity  and m u tag e n ic ity  in the Ames te s t has been 
reported  to  be nearly  83% (Am es and McCann, 1981): th is  covers carcinogens such 
as a lky la tin g  agents, fungal tox ins and n itrosam ines (M cCann e t ^ . ,  1975 a,b) and 
mutagens such as ha ir dye amines (W eisburger e t ^ . ,  1978) and p ro te in  pyro lys is  
products o f cooked food (Sugim ura, 1982; Sugim ura and Sato, 1983).
In the Am es tes t, the m agnitude o f m utagenic a c t iv ity  o f a tes t m a te r ia l 
depends on many fa c to rs  (Am es e t ^1., 1975). Three o f these fa c to rs  are re la te d  to  
the tes t p ro toco l, v iz : the  b a c te r ia l s tra in , the  a c tiv a tio n  system  and the m ethod o f 
a pp lica tion  o f the tes t sample. T here fo re , in o rder to  op tim ise  the m u ta g e n ic ity  
assay fo r  spec ific  de tec tion , each fa c to r  has to  be fu l ly  analysed and eva luated.
Among the various Salm onella  typh im u rium  te s te r s tra ins  used in the  te s t, 
the stra ins TA  98 and TA  1538 are sensitive  to  mutagens w hich  cause fra m e s h ift  
m uta tions (Ames e t ^ . ,1 9 7 5 ) .  The basic fra c tio n s  e x tra c te d  fro m  a num ber o f 
cooked or therm ally -p rocessed food p roducts con ta in  such mutagens since these 
fra c tio n s  have been reported  to  be m utagenic only tow ards Salm onella  typ h im u riu m  
stra ins TA  1538 (B jeldanes e t ^ . ,  1982b,c; K rone  and Iwaoka, 1984) and T A  98 
(Wang et ^ . ,  1982; Barnes and W eisburger, 1984).
Salm onella typh im u rium  s tra ins TA 98 and TA  1538 have been found equa lly  
sensitive in de tec ting  the m utagenic a c t iv ity  o f the basic fra c tio n s  derived  fro m
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fr ie d  beef p a ttie s  (F e lto n  e t £ l., 1981) o r g r ille d  beefsteaks (see chap te r 2, Table
2.1). As the tw o  s tra ins  have been reported  also to  overlap considerab ly in th e ir  
d e te c tion  o f o th e r mutagens (H erbo ld , 1982), one s tra in  can be chosen fo r  
m u tag e n ic ity  tes tin g  and T A  98 has been recommended to rep lace  T A  1538 (M aron 
and Ames, 1983).
The th e rm a lly -g en e ra te d  mutagens derived fro m  m eat and fish , subjected to  
h ig h -tem pe ra tu re  cooking, are known to  have an absolute re q u irem en t fo r  
m e tabo lic  a c tiv a tio n  in the Am es te s t (Nagao e t a l., 1977c; F e lton  e t a l., 1981; 
Kasai e t ^ . ,  1980), the a c tiv a tio n  system  used ro u tin e ly  being a p repa ra tion  o f 
liv e r  hom ogenate (59 fra c tio n ) derived  fro m  ra ts  p re tre a te d  w ith  a m ix tu re  o f 
po lych lo rina ted  biphenyls (PCB), such as A ro c lo r  1254 (M aron and Am es, 1983). 
A lthough  59 fra c tio n s  derived fro m  A ro c lo r-in d uce d  ra ts are p re fe rre d  in ro u tin e  
m u tagen ic ity  tests fo r  th e ir  e ff ic ie n c y  in a c tiv a tin g  d if fe re n t  classes o f 
carcinogens, ra ts  p re tre a te d  w ith  phenobarbitone or 3 -m e thy lcho lan th rene  have 
been reported  to  y ie ld  59 fra c tio n s  su itab le  fo r the d e te c tion  o f the  m utagen ic  
a c t iv ity  o f c e rta in  a ro m a tic  am ines and p o lycyc lic  hydrocarbons, re sp e c tive ly  
(Am es e t 1973; Maron and Ames, 1983). F u rthe rm ore , a lthough ra t - l iv e r  is the 
m ost convenient source o f a c tiv a tin g  enzymes (Am es e t W., 1975), o th e r species 
such as ham ster or mouse have been used e ffe c t iv e ly  in a c tiv a tin g  a ro m a tic  am ines 
to  mutagens (P h illipson  and loannides, 1983; A lld r ic k  and Row land, 1985).
A ccord ing ly , in the present study the ro le  o f d if fe re n t inducers as w e ll as 
species va ria tions  were exam ined w ith  respect to  the a c tiv a tio n  to  m utagens o f 
am ino-im idazo  azaarenes and the basic fra c t io n  e x tra c te d  fro m  fr ie d  beef.
I t  has been shown prev ious ly  th a t the carcinogen d im e thy ln itro sa m in e  (D M N ) 
dem onstrates weak a c t iv ity  when assayed fo r  m u tag e n ic ity  using the standard p la te  
in co rpo ra tion  method (M aron and Am es, 1983). H ow ever, using the p re incuba tion  
m o d ifica tio n  to  the o rig in a l Ames m ethod (Yahagi e t 1975), D M N  is c le a r ly  
m utagenic (Yahagi, e t 1977; Rowland e t a l., 1980).
85
The p re incuba tion  m ethod has been reported  to be o f equal o r g re a te r 
s e n s itiv ity  than the p la te  in co rpo ra tio n  m ethod in de tec ting  severa l carcinogens 
(M atsushim a e t 1980) and its  e ffec tiveness has been a ttr ib u te d  to  the fa c t  th a t 
using th is  m ethod, the tes t m a te r ia l, 59 p repara tion  and b ac te ria  are incubated a t a 
h igher concen tra tion  (P riv a i e t 1979). As the m utagenic basic fra c tio n s  
e x trac te d  fro m  fr ie d  bee f have been m ostly  tested fo r m u tag e n ic ity  using the 
standard p la te  in co rpo ra tion  m ethod (F e lton  e t ^ . ,  1981, B je ldanes, ^  1982b,c;
Barnes and W eisburger, 1984), i t  was o f in te res t to  inves tiga te  the e ffe c t  o f p re ­
incubation  on the leve l o f d e te c tion  o f the the rm a lly -gene ra ted  mutagens present 
in these fra c tion s ,
4.2 Materials and Methods
4.2.1 Chem ica ls
3-M e thy lcho lan th rene  (3-M C ), 2-am inoanthracene (2-A A ), N AD P and glucose 
6 -phosphate (5 igm a, Poole, D orse t, U .K .), reso ru fin , e thoxyreso ru fin  (M o le cu la r 
Probes Inc, Junction  C ity , Oregon, U5A), phenobarbitone sodium (PB), magnesium 
ch lo ride, potassium  ch lo ride , sodium dihydrogen phosphate, disodium  hydrogen 
phosphate and D M 50  (BDH C hem ica ls L td ., Poole, D orse t, U .K .) w ere  a ll 
purchased. Benzphetam ine was a generous g if t  fro m  U p jo hn  Co. L td ., 27100 Le 
Vaudreel v ille , N a ive lle , F rance. A ro c lo r 1254 was a kind donation fro m  Monsanto 
Chem ica l Co., 5 t. Louis, M ich igan, U 5A. F o r IQ , MelQ and M elQx see ch ap te r 2 
section 2 .2 .1 .
4.2.2 P repa ra tion  and e x tra c tio n  o f the food m a te r ia l
M inced beef (5000 gm) was purchased fro m  a loca l superm arket. F ried  bee f 
p a ttie s  were prepared as described in  chap ter 2, section  2.2.4.2. The basic fra c t io n  
(142 mg) obtained fro m  the cooked ou te r layer, using the a c id -X A D  adsorp tion  
e x tra c tio n /fra c tio n a tio n  procedure (see chapter 2, F ig . 2.4), was dissolved in DM5G 
at a concen tra tion  o f 5 m g /m l.
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4.2.3 The m u ta g e n ic ity  assays
4.2.3.1 The p la te  inco rpo ra tio n  m ethod.
Top agar (2 m l/tu b e ) was added in to  13 x 100  mm capped c u ltu re  tubes held 
a t 45°C . To the agar, 0.1 m l o f fresh overn igh t cu ltu re  o f the te s te r s tra in , 0.1 m l 
o f a so lu tion  o f the te s t m a te r ia l in DMSO and 0.5 m l o f the 59 m ix  w ere  added. 
The tube con ten ts  were m ixed then poured onto m in im a l glucose agar p la tes. The 
p la tes were incubated fo r  48 hours a t 37°C , then the re v e rta n t co lon ies on each 
p la te  were counted.
4.2.3.2 The p re incuba tion  m ethod.
The 59 m ix (0.5 m l/tu b e ) was added to  13 x 100 mm capped c u ltu re  tubes 
placed on ice. To the m ix, 0.1 m l o f a fresh overn igh t cu ltu re  o f the  te s te r s tra in  
and 0.1 m l o f a so lu tion  o f the tes t m a te r ia l in D M 50 were added. The tube 
contents were then incubated fo r 20 m inutes in a shaking w a te r ba th  a t 37°C  
befo re  the add ition  o f the top agar (2 m l/tu be ). The tube con ten ts  w ere  m ixed, 
then poured onto  m in im a l glucose agar p la tes. The p la tes w ere incuba ted  fo r 48 
hours a t 37°C  then the re v e rta n t co lonies on each p la te  were counted.
4.2.4 P os itive  con tro ls  used in the Am es tes t
2-A m inoan thracene  (2 -A A ) was used a t a concen tra tion  o f 2 p g /p la te  as a 
pos itive  co n tro l as a ll the tests were ca rrie d  out in the presence o f 59 prepara tions.
4.2.5 The b a c te ria l te s te r s tra ins
5alm one lla  typh im u rium  TA 98 was a generous g i f t  fro m  P ro fesso r B .N . 
Ames, U n ive rs ity  o f C a lifo rn ia , B erke ley , U 5A . Frozen perm anent copies o f the 
te s te r s tra in  were prepared fro m  fresh ove rn igh t cu ltu res  to  w h ich  D M 5 0  was 
added as a c ryo p ro te c tive  agent then stored a t -80°C .
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When te s te r s tra in  T A  98 was chosen fo r  Am es tes ting , m aster p la tes were 
prepared. To prepare a m aste r p la te , T A  98 fro m  the frozen  perm anent stock was 
grown ove rn igh t in n u tr ie n t b ro th  con ta in ing  a m p ic illin  a t a co n ce n tra tio n  o f 
25 u g /m l. Then, using a s te r ile  p la tinu m  loop, a loop fu l (ca. 5 p i) o f the o ve rn igh t 
c u ltu re  was streaked out, to  ob ta in  single colonies, on the surface  o f a m in im a l 
glucose agar p la te , enriched w ith  h is tid ine  and b io tin . The m aste r p la te  was then 
stored a t 4 °C . New m aster p la tes were prepared every 3 weeks using fresh 
overn igh t cu ltu res .
4.2.6 P re tre a tm e n t o f the la b o ra to ry  anim als
Male W ista r a lb ino ra ts  (180-200 g) were purchased fro m  the A n im a l B reed ing 
U n it, U n ive rs ity  o f Surrey. M ale golden Syrian ham sters (75-105 g) w ere purchased 
fro m  W rights o f Essex, Essex, U .K .
The anim als rece ived  3 consecutive  da ily  in tra -p e rito n e a l ( i.p .) in je c tio n s  o f 
e ith e r (a) 3 -M C  (25 m g/kg body w e igh t) dissolved in corn o il (12.5 m g /m l) o r (b) PB 
(80 m g/kg body w e igh t) dissolved in  w a te r (80 m g/m l), and were k ille d  24 hours 
a fte r  the las t in je c tio n . A ro c lo r  1254 (dissolved in corn o il,  200 m g /m l) - 
p re tre a tm e n t was achieved by a single i.p . dose (500 m g/kg body w e ig h t). The 
anim als were k ille d  on the f i f t h  day fo llo w in g  dosing.
4.2.7 P repa ra tion  o f the various a c tiv a tio n  systems
The hepa tic  p o s t-m ito ch o n d ria l (9000 xg) supernatant (89 fra c t io n )  was 
prepared, fo r each tre a tm e n t, as p rev ious ly  described (loannides and P arke, 1975). 
A liq u o ts  (2 m l) o f each 89 suspension w ere placed in to  s te r ile  ampoules and fro zen  
a t-8 0 ° C .
On the day o f the experim en t the required  am ount o f 59 fra c t io n  was thaw ed. 
A bu ffe red  so lu tion  o f the 59 fra c t io n  and the required co fa c to rs  (59 m ix ) was
prepared w ith  the fo llo w in g  com position : 100 mM sodium dihydrogen phosphate 
pH 7.4, 33 mM K C l, 8 mM M gC l^, 4 mM N AD P, 5 mM glucose 6 -phosphate and S9 
fra c t io n  a t a co ncen tra tion  o f 0.1 m l per 1 m l o f m ix.
M icrosom al suspensions (105,000 x g p e lle t resuspended) were prepared, fo r  
each tre a tm e n t, as described p rev ious ly  (loannides and Parke, 1975) and w ere fu l ly  
characte rised  w ith  respect to  m ixed fu n c tio n  oxidase a c tiv it ie s , benzphe tam ine-N - 
dem ethylase (Lu e t ^ . ,  1972) and e thoxyresoru fin -O -dem ethy lase  (Burke and M ayer 
1974), and w ith  respect to  cytoch rom e  P-450 (Om ura and Sato 1964) and p ro te in  
(Low ry  e t a l., 1951) concen tra tions.
4.2.8 The m e tabo lic  a c tiv a tio n  o f am ino-im idazo  azaarenes and the  basic 
fra c t io n  e x trac te d  fro m  fr ie d  m inced beef
In o rder to  evaluate the various a c tiv a tio n  systems (89 prepara tions) derived  
fro m  ra ts  or ham sters (see section  4.2.7), DMSO solutions o f the basic fra c tio n , 
e x tra c te d  fro m  fr ie d  m inced beef (M F; see section  4.2.2) and the am ino -im idazo  
azaarenes IQ, MelQ and MelQx were subjected to  the Ames te s t in the  presence o f 
59 p repara tions derived  fro m  un trea ted , 3 -M C -, P B- and A ro c lo r-p re tre a te d  ra ts  
and un trea ted  and A ro c lo r-p re tre a te d  ham ster. MF was tested  a t tw o  
concen tra tions, 5 m g /m l and 1 m g /m l. IQ and MelQx were tested a t co ncen tra tions  
o f 100 ng /m l, 250 ng /m l, 500 n g /m l and 750 n g /m l. M elQ  was tested  a t 
concen tra tions o f 1 n g /m l, 5 ng /m l, 10 n g /m l and 50 ng /m l.
4.2.9 The e ffe c t  o f p re incubation  on the m utagenic a c t iv ity  o f am ino- 
im idazo  azaarenes
In o rder to  achieve m axim um  s e n s itiv ity  fo r  the de te c tion  o f m utagens o f the 
am ino-im idazo  azaarene class, the p la te  inco rpo ra tion  m ethod was com pared w ith  
the p re incubation  method. DMSO so lu tions o f IQ (100 ng/m l), MelQx (100 n g /m l) 
and MelQ (10 ng /m l) were subjected to  the Am es tes t using both m ethods.
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4.3 Results
4 .3 .] The e ffe c ts  o f p re tre a tm e n t o f anim als w ith  m ixe d -fu n c tio n  oxidase 
inducing agents.
P re tre a tm e n t o f ra ts  w ith  3 -M C  s tim u la ted  the a c t iv ity  o f the cy toch rom e 
P-448 m ediated O -d ee th y la tio n  o f e thoxyreso ru fin  (Table 4.1). On the o th e r hand 
P B -p re tre a tm e n t poorly  enhanced the a c t iv ity  o f benzphetam ine N -dem ethy lase  
and did not a ffe c t  e thoxyresoru fin -O -dee thy lase . M icrosom al cy toch rom e  P-450
leve ls were increased w ith  both p re trea tm en ts . A ro c lo r 1254 s tim u la te d  both 
enzyme a c tiv it ie s  and increased cytoch rom e P-450 levels.
In the ham ster, p re tre a tm e n t w ith  A ro c lo r s ig n if ic a n tly  enhanced the a c t iv ity  
o f benzphetam ine-N -dem ethy lase  bu t caused only a s lig h t enhancem ent o f the 
a c t iv ity  o f e thoxyresoru fin -O -dee thy lase .
4.3.2 The m e tabo lic  a c tiv a tio n  o f the am ino-im idazo  azaarenes and the basic 
fra c tio n  derived  fro m  fr ie d  bee f.
P re tre a tm e n t o f ra ts  w ith  A ro c lo r 1254 and 3 -M C  was shown to  y ie ld  59 
p repara tions w ith  the a b ility  to  a c tiv a te  the am ino-im idazo  azaarenes IQ, M elQ x 
and MelQ to  mutagens (see F igs. 4.1, 4.2 and 4.3). 59 p repara tions derived  fro m  
A ro c lo r-p re tre a te d  ra ts  provided the best a c tiv a tio n  system fo r  IQ (F ig . 4.1) and 
MelQx (F ig. 4.2). On the o the r hand, w ith  M elQ  (F ig. 4.3) 59 p repara tions derived  
fro m  A ro c lo r-  or 3 -M C -p re tre a te d  ra ts  were shown to  be egua lly  e ffe c t iv e .
A lthough  very l i t t le  m e tabo lic  a c tiv a tio n  o f the  am ino-im idazo  azaarenes 
took place in the presence o f 59 p repara tions derived fro m  P B -p re tre a te d  ra ts , 
these prepara tions were s t i l l  m ore e ffe c t iv e  than 59 p repara tions derived  fro m  
un trea ted  ra ts , w hich did not a c tiv a te  the azaarenes. In co n tra s t, ve ry  s ig n if ic a n t 
a c tiv a tio n  o f IQ , MelQx and, to a lesser ex ten t, M elQ  took place in the presence o f 
59 p repara tions derived fro m  un trea ted  ham sters w h ile  p re tre a tm e n t w ith  A ro c lo r,
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Fig. 4.1 Metabolic activation of IQ to mutagens by 
S9 preparations derived from animals p r e ­
treated with various mixed-function oxidase 
inducing agents.
Each test was carried out using Salmonella typhimurium 
TA 98. Activation systems were derived from Wistar 
albino rats, untreated (o) or pretreated with phenobarbitone 
(t), 3-methylcholanthrene ( ♦ )  or Aroclor 1254 ( • )  and 
from Syrian golden hamsters untreated ( A )  or pretreated 
with Aroclor 1254 (A).
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Fig. 4.2 Metabolic activation of MelQx to mutagens by 
59. preparations derived from animals pre- 
treated with various mixed-function oxidase 
inducing agents.
Each test was carried out using Salmonella typhimurium 
TA 98. Activation systems were derived from Wistar albino 
rats, untreated ( o )  or pretreated with 3-methylcholanthrene 
( ♦ )  or Aroclor 1 254 ( • )  and from Syrian golden hamsters 
untreated ( A )  or pretreated with Aroclor 1254 (A).
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MelQ (ng/plate)
Metabolic activation of MelQ to mutagens by 
S9 preparations derived from animals p r e ­
treated with various mixed-function oxidase 
inducing a g e n t s .
Each test was carried out using S almonella typhimurium 
TA 98. Activation systems were derived from Wistar 
albino rats, untreated ( o )  or pretreated with phenobarbitone 
(t), 3-methylcholanthrene ( ♦ )  or Aroclor 1254 ( • )  and 
from Syrian golden hamsters untreated ( A )  or pretreated 
with Aroclor 1 254 (A).
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w hich su bs ta n tia lly  increased m e tabo lic  a c tiv a tio n  by 59 p repara tions fro m  the ra t, 
had the opposite e ffe c t  in the ham ster.
When the basic fra c t io n  MF was assayed fo r  m u tag e n ic ity  in the presence o f 
the various 59 p repara tions (Table  4.2) the trend  o f m e tabo lic  a c tiv a tio n  o f MF was 
s im ila r to  those o f IQ and M elQ x, w h ich  were assayed as p os itive  standards.
4.3.3 The e ffe c t  o f p re incuba tion  on the m utagenic a c t iv ity  o f the am ino- 
im idazo  azaarenes.
C om parison o f the standard p la te  inco rpo ra tion  and p re incuba tion  assay 
methods fo r  assessing the m u tag e n ic ity  o f the azaarenes (Table  4.3) showed th a t 
w h ile  the fo rm e r method produced s ig n ific a n t m utagenic a c t iv ity ,  the p re - 
incubation  step increased the revers ion  ra te  by th re e -fo ld  in the case o f IQ and 
MelQx and tw o -fo ld  fo r M elQ .
4.4 D iscussion
I t  is now w e ll docum ented th a t m icrosom al m ixe d -fu n c tio n  oxidases are 
responsible fo r  the m etabo lic  a c tiv a tio n  o f  a large num ber o f compounds to  th e ir  
m utagenic re a c tive  in te rm ed ia tes  (loannides and Parke, 1982; loannides e t a l., 
1984). This m e tabo lic  a c tiv a tio n  is ca rrie d  out in the presence o f oxygen and 
reduced N A D P ^ and is m ediated by N A D P H -cy toch rom e  c (P-450) reductase and 
the haem opro te in  "cy toch rom e  P-450", w h ich  acts as the te rm in a l oxidase. The 
la t te r  ex ists in the fo rm  o f several isoenzym es o f various s p e c ific it ie s  (loannides e t 
a l., 1984). By fa r  the best docum ented are those belonging to  (a) the p o lya ro m a tic  
hydrocarbon (P A H )-induc ib le  isoenzymes, 3 -m e thy lcho lan th rene  (3 -M C )-induced  
cytochrom e P-448 and B -naphthoflavone (BN F)-induced cy toch rom e  P-447 and (b) 
the phenobarbitone (PB)-induced cy toch rom e P-450.
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Table 4.3.
The effect of preincubation on the 
mutagenic activity of amino-imidazo azaarenes.
H is tid in e  re ve rta n ts  per p la te ^
Assay m ethod P re incuba tion^ P la te
inco rpo ra tion
Sample ^ W t/p la te
(ng)
IQ 10 1462 + 152* 598 + 41*
MelQx 10 1283 + 236* 425 + 5 6*
MelQ 1 1175 + 122* 503 + 104*
Spontaneous 
reversion ra t
20 + 3 19 + 2
a) resu lts  are presented as mean + 5D fo r  th ree  p lates.
b) The azaarenes were tested fo r  m u ta g e n ic ity  against te s te r s tra in  
S. typh im urium  TA  98 in the presence o f 59 p repa ra tion  derived  
fro m  A ro c lo r-p re tre a te d  W istar ra ts .
c) p re incubation  was ca rried  out fo r 20 m in a t 37°C ,
F or fu l l de ta ils  on both methods o f m utagenesis tes ting  see section  4.2.3. 
*  P<0.05
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Since IQ, MelQ and MelQx have an absolute requ irem en t fo r  m e tabo lic  
a c tiv a tio n  by S9 p repa ra tions  in o rder to dem onstra te  th e ir  p o te n t m utagenic 
a c t iv ity  in  the Am es te s t (Kasai e t 1980, 1981 a,b, Nagao e t 1977c), i t  
appears th a t th e ir  a c tiv a tio n  is m ediated by "cytochrom es P-A50".
A ro c lo r 1254 has been reported  to  induce e levated leve ls o f both  
cytochrom es P-450 and P-448 (A lvares and Kappas, 1977; see also Table 4.1) w hich 
are known to  m ediate  p r im a r ily  the N -d e m e thy la tio n  o f benzphetam ine (Lu e t ^ . ,  
1972) and the  O -d ee th y la tio n  o f e thoxyreso ru fin  respec tive ly  (Burke and M ayer, 
1974).
S9 p repara tions derived  from  ra ts  p re tre a te d  w ith  A ro c lo r have been shown 
to  be very e ffe c t iv e  in a c tiv a tin g  IQ, MelQ and MelQx to mutagens (F igs. 4.1, 4.2,
4.3). Since the PB-induced prepara tions are in e ffe c tiv e , whereas 3 -M C -induced 
p repara tions are very e ffe c t iv e  in a c tiv a tin g  IQ, the resu lts  shown in F ig . 4.1. 
co n firm  the invo lvem en t o f the isoenzyme cytoch rom e P-448 in the m e tabo lic  
a c tiv a tio n  o f IQ to  the N -hyd roxy d e r iv a tiv e  (Yam azoe e t a l., 1983), and a s im ila r 
invo lvem ent seems possible in the a c tiv a tio n  o f MelQx (F ig . 4.2) and M elQ  (F ig .
4.3). This co n firm a tio n  is supported, in the case o f IQ  and M elQ x, by the fa c t  th a t
(a) S9 p repara tions fro m  un trea ted  ham sters have been shown to  be ve ry  e ffe c t iv e  
in a c tiva tin g  the azaarenes to mutagens and (b) un trea ted  ham ster liv e rs  are 
reported  to  conta in  high leve ls  o f cy toch rom e P-448 (L it te r s t  e t ^ . ,  1975).
Since MelQ , w h ich  is m ore m utagenic than IQ or M elQ x in the presence o f 
A ro c lo r-  o r 3 -M C -induced S9 preparations, is not a c tiva te d  w e ll by un trea ted  
ham ster S9 p repara tions, i t  can be suggested th a t M elQ  (a) may be a c tiv a te d  v ia  
d if fe re n t pathways o r (b) has a d iffe re n t s p e c if ic ity  w ith  respect to  the d if fe re n t 
"cytochrom es P -450" isoenzymes.
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In add ition  there  seem to  be s ig n ific a n t d iffe rences  in a c tiv a tio n  between the 
59 prepara tions derived  fro m  un trea ted  and A ro c lo r-p re tre a te d  ra ts  o r ham sters. 
Am ong these d iffe rences , ham sters seem to  be much m ore sens itive  than ra ts  to  
the h e p a to to x ic ity  o f A ro c lo r and un trea ted  ra t p repara tions do no t a c tiv a te  the 
azaarenes whereas un trea ted  ham ster p repara tions s trong ly  a c tiv a te  IQ  and M elQ x.
The p re incuba tion  assay has been shown to  be more sens itive  in the case o f 
azaarenes than the o rig in a l p la te  in co rpo ra tion  method, developed by Am es e t 
(1975; Table 4.3) and th a t may be due to  tw o  fac to rs . F irs t, in the p re incuba tion  
assay, the bac te ria , te s t m a te r ia l and a c tiv a tio n  m ix are incubated a t h igher 
concen tra tions than are present in the p la te  inco rpo ra tion  assay and th is  may lead 
to  more e ff ic ie n t  a c tiv a tio n  (P riva i, 1979). Second, the agar w h ich  is present a t a ll 
tim es in the p la te  in co rpo ra tion  assay may in te ra c t w ith  the m utagen ic m e tab o lite s  
and reduce th e ir  a ccess ib ility  to  the b a c te ria l DMA, as has been repo rted  
p rev ious ly  fo r d im e thy ln itro sa m in e  (Bartsch, e t a l., 1976).
The basic fra c t io n  derived fro m  m inced bee f (M F) fo llo w s  a s im ila r  p a tte rn  o f 
m e tabo lic  a c tiv a tio n  to  IQ and MelQx (Table  4.2). I t  is best a c tiv a te d  to  m utagens 
by the A roc lo r-in d uce d  ra t 59 p repara tions. Since these p repara tions also a c tiv a te  
MelQ, the most sensitive  assay procedure fo r the d e te c tion  o f mutagens o f the 
am ino-im idazo  azaarene class in cooked m eat p roducts would invo lve  using 59 
prepara tions fro m  A roc lo r-in d uce d  ra ts , the p re incubation  assay and c a rry in g  ou t 
the tes ting  against Salm onella  typh im u rium  TA  98; the m ost e ffe c t iv e  fra m e s h ift -  
sensitive  s tra in .
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Chapter 5 : The mutagenic activity of basic fractions extracted 
from grilled or fried meat products.
5.1 Introduction
Many a tte m p ts  have been made to  id e n tify  the mutagens responsible fo r  the 
s ig n ific a n t m utagenic a c tiv ity ,  in the Ames tes t, o f the basic fra c t io n  e x tra c te d  
fro m  fr ie d  beef CSpingarn e t a l., 1980a; Kasai e t ^ . ,  1981c; F e lton  e t ^ . ,  1984b). 
In the f ir s t  a tte m p t by Spingarn e t W. (1980a) the Ames test was used to  m o n ito r 
the e ff ic ie n c y  o f the p u r if ic a t io n  process; the spec ific  m utagenic a c t iv ity  was 
reported  at each stage o f c lean-up, using colum n chrom atography and acid-base 
e x tra c tio n .
B e tte r  use o f the Am es tes t was eviden t in a subsequent a tte m p t by F e lton  e t 
(1984b). M u ta g e n ic ity  tes ting  was ca rried  out on eluates fro m  a p re pa ra tive  
H PLC  colum n, o f the basic fra c t io n  and only the m utagenic su b -frac tio n s  were 
then fu r th e r p u r if ie d . Using a com bina tion  o f a n a ly tica l H PLC  on C 18- and C N - 
bonded s ilica  colum ns and the Am es tes t, a number o f am ino-im idazo  azaarenes, 
nam ely IQ and M elQ x, were iso la ted fro m  the basic fra c tio n  o f fr ie d  beef.
The basic su b -fra c tio n  L II, w h ich  had been derived fro m  fr ie d  beef using the 
ac id -X A D  adsorption e x tra c tio n /fra c t io n a tio n  procedure (F e lton  e t ^ . ,  1984b) and 
subsequent s ilica  gel ch rom atography (Kasai e t a l., 1979), was shown to  be 
m utagenic in the Am es tes t ( fo r  fu l l de ta ils  on L II, see chap ter 2, sec tion  2 .2 .6 .3 
and Table 2.4). L II was shown also to  con ta in  several H P LC -d is tingu ishab le  
components (see chap te r 3, F ig . 3.4). Since i t  could be concluded fro m  the H P LC  
p ro file s  (see also chap ter 3, F ig . 3.5) th a t only traces o f IQ and M elQ x were 
present in L II, i t  was o f in te re s t to find  out w hether o the r com ponents possessing 
m utagenic a c t iv ity  were present; the m a te ria ls  e lu ting  as the large peaks w ith  R t 
21 and 24 mins re spec tive ly  were o f p a r tic u la r in te res t since they represented a
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la rge p ropo rtion  o f L II, by w e igh t.
As reported  prev ious ly , the basic fra c t io n  derived fro m  fr ie d  beef (M F) was 
assayed fo r m u tag e n ic ity  against a b a tte ry  o f S9 p repara tions (see chap te r 4, Table
4.2). The assay was not only su itab le  fo r  assessing the m utagenic a c t iv ity  o f MF, 
i t  also provided b e tte r  understanding o f the m etabo lic  a c tiv a tio n  o f the com plex 
m ix tu re  o f chem ica l substances fo rm ed  in beef during fry in g .
Most o f the research in to  the fo rm a tio n  o f mutagens in cooked m eat p roducts  
has been ca rried  ou t using pure beef samples, prepared under rigo rous ly  co n tro lle d  
cooking cond itions (Spingarn and W eisburger, 1979; Spingarn e t ^ . ,  1980a, 1981; 
B jeldanes e t a l., 1982a; F e lton  e t ^ . ,  1984b; Fe lton  e t ^ . ,  1986a; see also chap ter 
2, Tables 2.1, 2.3, 2.4). Few com m erc ia l m eat products, such as canned m eat 
(K rone and Iwaoka, 1984), g r ille d  ham burgers and pork products (B jeldanes e t a l., 
1982b) and fr ie d  sausages (Gocke e t 1982) have been screened fo r m u ta g e n ic ity  
in the Am es te s t and were found to  vary g re a tly  in th e ir  m utagenic a c t iv ity .  Since 
a dd itives /ing red ien ts  in com m erc ia l m eat products may com prise a n tiox idan ts , 
p reservatives, cereals, herbs and spices, and since (a) an tiox idan ts  were found to  
reduce the m utagenic a c t iv ity  o f the basic fra c tio n  o f fr ie d  bee f in the Am es tes t, 
(Wang e t a l., 1982) and (b) some p la n t phenolics were found to  have a s im ila r e ffe c t  
in reducing the m utagenic a c t iv ity  o f various a ro m a tic  amines (Steele e t ^ . ,  1985), 
pyro lys is  products o f p ro te in  (Fukuhara e t W., 1981) and tryp tophan  pyro lysa te  
(Inoue e t ^ . ,  1981), th is  desm utagenic a c t iv ity  o f food constituen ts  m e rite d  fu r th e r  
investiga tion .
Consequently, the study p resen tly  reported , was aimed a t (a) assessing the 
m utagenic a c tiv ity  o f the basic fra c tio n s  ex trac ted  from  tw o co m m e rc ia l m eat 
products and (b) com paring the p a tte rn  o f m e tabo lic  a c tiva tio n  o f these fra c tio n s  
w ith  tha t o f MF.
101
3.2 M a te r ia ls  and M ethods
5.2.1 C hem ica ls
3 -M e thy lcho lan th rene  (3-M C ), 2 -am inoanthracene (2 -A A ), N A D P  and glucose 
6 -phosphate (Sigma, Poole, D orse t, U .K .), phenobarbitone sodium (PB), magnesium  
ch lo ride , potassium  ch lo ride , sodium dihydrogen phosphate, d isodium  hydrogen 
phosphate and DMSO (BDH C hem ica ls L td ., Poole, D orse t, U .K .) w ere  a ll 
purchased. A ro c lo r  1254 was a k ind donation fro m  Monsanto C hem ica l Co., S t. 
Louis, M ich igan, U .S .A . Fo r IQ, MelQ and MelQx see chap ter 2, section  2.2.1. F o r 
H PLC  solvents see chapter 3, section  3.2.1.
5.2.2 Food m a te ria ls
5.2.2.1 The m a te r ia l used fo r  H PLC  fra c tio n a tio n .
L ll,  the basic s u b -fra c tio n  derived from  fr ie d  beef (see ch ap te r 2, sec tion
2.2.6.3) was used fo r  H PLC  analysis.
5.2.2.2 The m a te ria ls  used in  the m etabo lic  a c tiva tio n  studies
Pork sausages and frozen  ham burgers were purchased fro m  lo ca l 
superm arkets.
(a) The sausages (Tesco) com prised the fo llo w in g  ing red ien ts : pork , w a te r,
rusks, s ta rch , sa lt, spices, sodium polyphosphates, dextrose, fla v o u r enhancer 
E 621 (monosodium g lu tam ate), herb ex trac ts , sugar, a n tio x id a n ts  E 301 
(sodium ascorbate), E 304 (ascorbyl p a lm ita te ), E 307 (D L -a -to c o p h e ro l) , 
flavourings, p reserva tive  E 223 (sodium m etab isu lph ite ), co lou r E 128 (red  2G) 
(m eat co n te n t 65%).
(b) The frozen  ham burgers (P resto) com prised the fo llo w in g  ing red ien ts : 
beef, o the r meats, onion, w a te r, soya flo u r, wheat flo u r , rusk, sa lt, soya 
p ro te in  iso la te , dextrose, p rese rva tive  E 223 (sodium m e tab isu lph ite ), co lours  
E 150 (caram el), E 128 (red 2G), E 102 (ta rtra z in e ), c i t r ic  ac id , f la v o u r 
enhancer E621 (monosodium g lu tam a te ), flavou ring , spices, e m u ls if ie r  E450a 
(sodium pyrophosphate) (m eat con ten t 65%).
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Sausages (4000 gm) were g r ille d  under an e le c tr ic  g r i l l  m ark 4. Batches, 20 
sausages each (400 gm), were arranged in oven trays  and p laced 8 cm  below  the 
hea t source. The sausages were turned 3 tim es a t 5 m inu te  in te rva ls . The basic 
fra c t io n  (SF; 37 mg) obta ined fro m  the cooked ou te r la ye r (1722 gm), using the 
a c id -X A D  adsorption e x tra c tio n /fra c t io n a tio n  procedure (see chap te r 2, F ig . 2.4), 
was dissolved in  DMSO at a conce n tra tio n  o f 5 m g /m l.
Ham burgers (4800 gm) were g r ille d  s im ila r ly  to  the sausages. Batches, 6 
ham burgers each (240 gm), were arranged in oven trays and w ere g r ille d  fo r  5 
m inutes per side. The cooked ou te r la ye r (2074 gm) was e x tra c te d  and fra c tio n a te d  
s im ila r ly  to the sausages to  y ie ld  the basic fra c t io n  (HF; 116 mg) w h ich  was 
dissolved in DMSO a t a co ncen tra tion  o f 5 m g /m l.
5.2.3 Iso la tion  o f m utagenic components fro m  the basic s u b -fra c tio n  
e x tra c te d  fro m  fr ie d  beef
In order to  iso la te  mutagens fro m  L II, a liquo ts  each con ta in ing  1000 pg o f L II 
were fra c tio n a te d  on a 30-cm  C l8 p Bondapak colum n (fo r  fu l l  d e ta ils  on H P LC  see 
chap te r 2, section  2.2.7) using m obile  phase MP(d) w hich conta ined 30% m ethano l + 
0.1% d ie thy lam ine  (see chap te r 3, section  3.2.4). In one case, 2 m l H PLC  fra c tio n s  
were co lle c ted  in glass tubes, mounted on a 2112 R ED IR AC  fra c t io n  c o lle c to r.
An a lte rn a tiv e  method o f fra c tio n a tio n  was a tte m p ted  by c o lle c tin g  a ll the 
H P LC -d is tingu ishab le  components i.e. the fra c tio n s  corresponding to  the various 
peaks on the H P LC  p ro file .
A l l  the H P LC  fra c tio n s  co lle c ted  fro m  a single in je c tio n  o f L II w ere  each 
evaporated, then dissolved in 0.3 m l o f DMSO.
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M u ta g e n ic ity  tes ting  was ca rried  out using the optim um  cond itions spec ified  
in chap te r 4. The H PLC  fra c tio n s  were assayed, in dup lica te , against Salm onella  
typ h im u riu m  T A  98, in the presence o f S9 p repara tions derived  fro m  A ro c lo r-  
p re tre a te d  W istar ra ts  and using the p re incubation  method.
5.2.4 M e tabo lic  a c tiv a tio n  o f the basic fra c tio n s  e x tra c te d  fro m  g r ille d  
sausages and g rille d  ham burgers
In o rder to  in ves tiga te  the m utagenic a c t iv ity  o f com m erc ia l m eat p roducts  
subjected to  h ig h -te m p e ra tu re  cooking, the basic fra c tio n s  derived  fro m  g r ille d  
sausages (SF) and g r ille d  ham burgers (HF) were assayed fo r  m u ta g e n ic ity  in  the 
Am es tes t. S9 p repara tions, derived fro m  untrea ted  and A ro c lo r- , 3 -M C - and P B - 
p re trea ted  ra ts  and un trea ted  and A ro c lo r-p re tre a te d  ham sters were used as 
a c tiv a tio n  systems ( fo r  fu l l  de ta ils  on the various S9 p repara tions used, see ch ap te r 
4, sections 4.2.6, 4.2.7). SF and HF were both assayed in the Am es te s t a t 
concen tra tions o f 5 m g /m l and 1 m g /m l against Salm onella typh im u rium  T A  98 and 
using the standard p la te  in co rpo ra tion  method (Am es ^  ^ . ,  1975).
5.3 Results
5.3.1 Iso la tion  o f m utagenic components fro m  the basic su b -fra c tio n  
e x tra c te d  fro m  fr ie d  beef.
S ig n ifica n t m utagenic a c t iv ity  was detected  in the (2 m l) H P LC  fra c tio n s  o f 
L II w hich e lu ted  w ith in  R t 12 m in and R t 20 m in (F ig. 5.1). The tw o  azaarenes 
M elQx and IQ, w h ich  were in jec ted  as H PLC  standards, e lu ted  a t R t 15 m in  and R t 
18 m in respec tive ly . The fra c tio n s  th a t e lu ted  w ith  R t > 20 m in , inc lud ing  the tw o  
large peaks A  and B th a t e lu ted  a t R t 21 m in and R t 24 m in re sp e c tive ly , 
dem onstra ted m oderate m utagenic a c t iv ity .
When fra c tio n s  which conta ined the H P LC -d is tingu ishab le  com ponents were 
assayed fo r m u tag e n ic ity , the most s ig n ific a n t m utagenic a c t iv ity  was found to  be
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Fig. S.l Separation by HPLC and mutagenic activity of 
the components of LII, the basic sub-fraction 
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For full details on sample preparation see chapter 2, 
section 2.2.6.3. For full details on the fractionation 
procedure see chapter 5, section S.2. 3.
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concen tra ted  in the 1 m l fra c tio n  th a t conta ined M elQx and, to  a lesser degree, in 
the 1 m l fra c t io n  th a t conta ined IQ (F ig. 5.2). La rge r fra c tio n s  (2 m l) were
co lle c te d  fo r  peaks A  and B re sp ec tive ly  and tak ing  in to  conside ra tion  th a t the
fra c tio n s  were each evaporated then dissolved in  0.3 m l o f DMS^O, i t  appeared 
lik e ly  th a t the fra c tio n s  th a t conta ined A  and B were non- o r w eak ly -m u tagen ic . 
An increase in the m utagenic response was noticed  in the fra c tio n s  co lle c ted  a t R t 
> 24 m in. When M elQ  was used as an H PLC standard, th is  azaarene was found to  
e lu te  a t R t 26 m in (F ig . 5.3).
5.3.2 M e tabo lic  a c tiva tio n  o f the basic fra c tio n s  e x tra c te d  fro m  g r ille d  
sausages and g rille d  ham burgers
The basic fra c t io n  e x trac ted  fro m  g rille d  sausages (SF) was s trong ly  
a c tiva te d  to  mutagens by 59 p repara tions derived from  ra ts  p re tre a te d  w ith
A ro c lo r and, to  a much lesser e x ten t, by those p re trea ted  w ith  3 -M C  (Table 5.1).
The p repara tions derived  fro m  un trea ted  ra ts  were very weak in  a c tiv a tin g  SF, and 
induc tion  w ith  PB caused only a s lig h t enhancement in m e tabo lic  a c tiv a tio n . SF 
was m odera te ly  a c tiva te d  to mutagens by S9 prepara tions derived  fro m  un tre a ted  
and A ro c lo r-p re tre a te d  hamsters.
HF was genera lly  less m utagenic than SF; i t  also had a d if fe re n t p a tte rn  o f 
m e tabo lic  a c tiv a tio n  fro m  tha t o f SF (Table 5.2). S9 prepara tions derived  fro m  
A ro c lo r-  or 3 -M C -induced ra ts  were e ffe c t iv e  in a c tiv a tin g  HF to  m utagens 
although A ro c lo r proved to  be a s lig h tly  b e tte r inducer than 3-M C . On the  o th e r 
hand the ine ffec tiveness  o f the S9 p repara tions derived  fro m  u n tre a ted  and P B - 
p re trea ted  ra ts  was s im ila r to what was observed fo r  SF. HF was w eak ly  a c tiv a te d  
to  mutagens by S9 p repara tions derived fro m  un trea ted  and A ro c lo r-p re tre a te d  
ham sters.
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Fig. 5.3 HPLC chromatogram of MelQ.
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IQ was used as a pos itive  standard in both assays, hence a com parison o f the 
p a tte rn  o f m e tabo lic  a c tiv a tio n  o f e ith e r fra c tio n , HF or SF, w ith  th a t o f IQ was 
possible. The a c tiv a tio n  o f IQ and HF to  mutagens by the 59 p repara tions derived 
fro m  ra ts  fo llow ed  a s im ila r p a tte rn , but, the 59 p repara tions derived  fro m  
ham sters were much less e ffe c t iv e  a t a c tiv a tin g  H F than IQ. On the o th e r hand, 
the a c tiv a tio n  o f IQ and 5F to  mutagens by the 59 prepara tions derived  fro m  
ham sters fo llow ed  a s im ila r p a tte rn , bu t the 59 p repara tions derived fro m  3 -M C - 
induced ra ts  were re la tiv e ly  less e ffe c t iv e  a t a c tiv a tin g  5F than IQ .
5.3.3 The m utagenic a c t iv ity  o f g r ille d  sausages, g r ille d  ham burgers 
and fr ie d  beef
Com parison o f the m utagenic a c tiv it ie s  o f 5F and HF (Table 5.3) showed th a t 
the m utagenic a c t iv ity  o f 5F, was much higher than th a t o f H F. H ow ever, g r ille d  
sausages and g rille d  ham burgers, were s im ila r in to ta l m utagen ic a c t iv ity ,  when 
expressed in term s o f h is tid ine  re ve rtan ts  caused by the cooked m a te r ia l 
corresponding to  100 gm o f the o rig in a l fresh sample (100  gE).
The m utagenic a c tiv it ie s  o f 5F and HF were low er than th a t o f M F, the basic 
fra c t io n  e x tra c te d  fro m  fr ie d  beef (see chapter 4, section  4.2 .2 .). As the y ie ld  o f 
MF (142 mg) was re la tiv e ly  abundant, fr ie d  m inced beef was shown to  be the m ost 
m utagenic food ite m  tested when expressed in te rm s o f h is tid in e  re ve rta n ts  pe r 100
gE.
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5.4 Discussion
I t  appears fro m  the resu lts  shown in F ig . 5.1 th a t the m utagenic a c t iv ity  o f 
fr ie d  beef may be a ttr ib u ta b le  to the sm a ll amounts o f IQ and M elQx present in the 
su b -fra c tio n  L II (see chapter 2, Table 2.4). H ow ever, fro m  the  resu lts  shown in F ig . 
5.2, where the m utagenic a c tiv it ie s  o f the H P LC -d is tingu ishab le  fra c tio n s  are 
reported , i t  seems th a t much m ore a c t iv ity  is obta ined fro m  the fra c t io n  
con ta in ing  MelQx than fro m  th a t con ta in ing  IQ . This suggestion is supported by the 
recen t find ing  (F e lton  e t a l., 1986a) th a t MelQx co n tribu ted  21% o f the to ta l 
m utagenic a c t iv ity  o f fr ie d  beef, whereas only 6 % o f th is  a c t iv ity  was a ttr ib u ta b le  
to  IQ.
M elQ  has been id e n tif ie d  as the m ain m utagenic azaarene present in b ro iled  
fish  (Kasai e t ^ . ,  1980, 1981b). A lthough  i t  has been reported  th a t MelQ is no t 
present in fr ie d  beef (Sugimura e t ^ . ,  1986), F e lton  e t W. (1986a) have de tec ted  
traces o f MelQ in fr ie d  beef. As MelQ is reported  to  be the m ost p o te n t m utagen 
among the  am ino-im idazo  azaarenes tested (Sugimura and Sato, 1983; see also 
chap te r 4, Table 4.3), the traces o f th is  mutagen present in  fr ie d  bee f have been 
found to  co n trib u te  4.2% o f the to ta l m utagenic a c t iv ity  (F e lton  e t a l., 1986a), 
This find ing  suggests th a t a lthough MelQ  may be present in L l l ,  i t  may n o t be so le ly  
responsible fo r the s ig n ifica n t m u tag e n ic ity  o f the fra c tio n s  e lu ting  a t R f > 22 m in. 
H ow ever, since another azaarene, 2-am ino -3 ,4 ,8 - tr im e th y lim id a z o (4 ,5 -f)q u in o xa lin e  
(D iM e lQ x) has been id e n tif ie d  in fr ie d  beef (H a tch  and F e lton , 1986; Sugim ura e t 
a l., 1986), and since D iM elQ x has been reported  to  (a) coe lu te  w ith  M elQ  fro m  a 
reverse phase H PLC  co lum n w ith  35% m ethanol (F e lton  e t ^ . ,  1984b) and (b) to  
co n tr ib u te  19% o f the to ta l m utagenic a c t iv ity  o f fr ie d  bee f (F e lton  e t ^ . ,  1986a), 
i t  seems lik e ly  th a t L ll  may conta in  D iM elQ x and traces, i f  any, o f M elQ .
The m etabo lic  a c tiva tio n  o f the mutagens present in the basic fra c t io n  o f 
fr ie d  beef has been found to  be m ediated by cy toch rom e P-448 (H a tch  jet ^ . ,
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1982; see also chap ter 4, Table  4.2). The same can be concluded fo r  the basic 
fra c tio n s  e x trac te d  fro m  g r ille d  sausages (SF) and g rille d  ham burgers (HF) (Tables 
5.1, 5.2) since both fra c tio n s  are s trong ly  a c tiva te d  by S9 prepara tions derived 
fro m  ra ts  p re trea ted  w ith  cy toch rom e P-448 inducers A ro c lo r 1254 (A lva res and 
Kappas, 1977) and 3 -M C  (loannides e t a l. 1984). H ow ever, in a com parison 
between the pa tte rns  o f m e tabo lic  a c tiv a tio n  o f SF and HF, s ig n ific a n t d iffe re n ces  
between the tw o fra c tio n s  can be deduced. U n like  HF, the a c tiv a tio n  o f SF to 
mutagens by the 3 -M C -induced S9 p repara tions is much w eaker than th a t by the 
A roc lo r-induced  prepara tions. T here fo re , a lthough cytochrom e P-448 is invo lved in 
the a c tiv a tio n  o f both fra c tion s , SF seems to  have less s p e c if ic ity  tow ards the 3- 
M C -induc ib le  isoenzyme. This con tras ts  w ith  M elQ , w hich seems to  have g rea te r 
s p e c ific ity  tow ards th is  isoenzyme (see chap te r 4, F ig. 4.3).
I t  has also been observed th a t SF is m odera te ly  a c tiva te d  to  mutagens by S9 
prepara tions derived fro m  un trea ted  and A ro c lo r-p re tre a te d  ham ster w h ile  these 
p repara tions are v ir tu a lly  in e ffe c t iv e  in a c tiv a tin g  HF to  mutagens. In  th is  case, 
SF and HF seem to d if fe r  g re a tly  fro m  MF, w hich is s trong ly  a c tiva te d  by S9 
p repara tions derived fro m  un trea ted  ham ster and, to  a lesser e x te n t, A ro c lo r-  
p re trea ted  ham sters (see chap ter 4, Table  4.2). The weaker m utagenic a c t iv ity  o f 
HF, when compared to SF and MF, th e re fo re  may not be only due to  lesser am ounts 
o f the same mutagens, but is perhaps due to  q u a lita tiv e  d iffe rences  in com pos ition . 
These observations co n firm  the usefulness o f the Ames te s t as a too l in 
in ves tiga ting  the pathways o f m e tabo lic  a c tiv a tio n  o f chem icals (P h illipson  and 
loannides, 1983) and in ind ica tin g  the presence o f d if fe re n t mutagens w ith  d if fe r in g  
m e tabo lic  requ irem ents fo r  b io a c tiv a tio n .
Com paring the to ta l m utagenic a c tiv it ie s  o f g r ille d  ham burgers and fr ie d  
m inced beef (Table 5.3) and tak ing  in to  considera tion  tha t com parable y ie lds o f 
basic fra c tio n  were e x trac te d  fro m  both products, i t  can be
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suggested th a t the ing red ien ts  and add itives, th a t are inco rpora ted  in the 
com m erc ia l m eat p roduct lead to  a reduc tion  in m utagenic a c t iv ity .  These 
conclusions are in accordance w ith  those o f Wang e t a l. (1982) and B jeldanes e t a l. 
(1982b) who reported  th a t co m m erc ia lly -cooked  hamburgers may dem onstra te  
vary ing  m agnitudes o f m utagenic a c t iv ity ,  w hich are lesser, in a ll cases, than those 
detected  in pure beef samples subjected to  s im ila r cooking conditions.
The desm utagenic e ffe c ts  o f ing red ien ts /add itives  in g r ille d  sausages, 
however, cannot be assessed by com paring the p a tte rns  o f m etabo lic  a c tiv a tio n  o f 
SF and MF, since they have been e x tra c te d  fro m  d if fe re n t types o f m eat. P ork 
products subjected to  h ig h -te m p e ra tu re  cooking i.e . fry in g , pan -b ro iling , have been 
shown to  be s trong ly  m utagenic in  the Am es tes t (Gocke et a l., 1982; O vern ik e t 
£ l. ,  1984) and in the screening fo r m u tag e n ic ity  o f p ro te in -r ich  A m erican  dishes 
(B jeldanes e t ^ . ,  1982b), fr ie d  pork sausages were found to cause higher numbers o f 
h is tid ine  re ve rta n ts  per 100 gE than fr ie d  pork chops or even fr ie d  m inced bee f, 
prepared under the same cond itions. H ow ever, th is  does not seem to  be the case 
under the tes t cond itions reported  in th is  chap te r, as g rilled  pork sausages have 
been shown to  be less m utagenic than fr ie d  m inced beef (Table 5.3). I t  may be 
postu la ted th a t the  presence o f ce rta in  in g red ien ts /add itives  may have caused the 
low er y ie lds o f basic fra c t io n  (SF) in  the co m m erc ia l product th a t resu lted  in  the 
decrease in to ta l m utagenic a c tiv ity .
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Chapter 6: Metabolic activation of 2-amino-3-methyIimidazo(4,5-f)quinoIine (IQ) 
by hepatic preparations; contribution of the cytosolic fraction  
and its significance to strain differences.
6.1 Introduction
As ind ica ted  e a r lie r  (chapte rs 1 and 4), a num ber o f am ino-im idazo  
azaarenes, inc lud ing  IQ, w hich occur in foods subjected to  dom estic -cook ing  
p ro toco ls , have been shown to  be h igh ly  m utagenic in the A m es/S a lm onella  assay 
a fte r  m e tabo lic  a c tiv a tio n . IQ is a c tiva te d  to  the p rox im a te  m utagen by 
m icrosom al N -h y d ro x y la tio n  (Yam azoe et ^ . ,  1983); the N -h yd ro xy  m e ta b o lite  
requires fu r th e r m etabo lism  to  generate the u ltim a te  mutagen, possibly through 
sulphate con juga tion  (Nagao e t ^ . ,  1983a). The hepa tic  m icrosom al
N -h yd ro xy la tio n  may be cata lysed by (a) cy tochrom e P -450-dependent m ixed 
fu n c tio n  oxidases (Masson et a l., 1983; Hammons e t ^ . ,  1985) and (b) the F A D -
monooxygenase system  (Pe lroy and G ando lfi, 1980), and several studies have shown
some
th a t^a ro m a tic  amines and amides, as w e ll as azaarenes (K a to  e t a l., 1983; Masson 
e t id ., 1983; A s trom  and De P ie rre , 1985; K a w a jir i e t d . ,  1980; Tong e t a l., 1986;
Abu-Shakra e t a l., 1986) are p re fe re n tia lly  a c tiva te d  by the  p o ly c y c lic  a ro m a tic
^•inducible
hydrocarbon^cytochrom es P -448 (P -450c and P-450d).
Previous studies using 2 -a ce ty la m in o flu o re n e  (2 -A A F ), w h ich  also is 
ac tiva te d  by N -h yd ro xy la tio n , have ind ica ted  th a t the cy to so lic  f ra c t io n  may 
m odulate its  m utagenic response (S tou t e t a l., 1976; F e lton  e t d . ,  1976). Indeed,
2 -A A F  may be a c tiva te d  by the hepa tic  cy to so lic  fra c tio n  fro m  A ro c lo r  1254- 
p re trea ted  ra ts  in the absence o f m icrosom es (F o rs te r e t d . ,  1981a, b). I t  was 
th e re fo re  o f in te res t to  investiga te  the ro le  o f the cy toso lic  and m icrosom a l 
fra c tio n s  in the a c tiv a tio n  o f IQ.
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H epa tic  S9 p repara tions derived  fro m  A ro c lo r-p re tre a te d  W is ta r ra ts  have 
been shown to  be much m ore e ffe c t iv e  in a c tiv a tin g  IQ to  mutagens than 59 
p repara tions derived fro m  the un trea ted  ra ts , w hich are re la t iv e ly  in e ffe c t iv e  
(Abu-Shakra e t d . ,  1986). H ow ever, i t  has been dem onstrated th a t S9 p repara tions 
derived fro m  un trea ted  Sprague-D aw ley ra ts  are e ffe c t iv e  in a c tiv a tin g  IQ to  
mutagens and th a t A ro c lo r-p re tre a tm e n t decreases th is  a c tiv a tio n  a b ility  (A lld r ic k  
e t d . ,  1986). Since these find ings suggest a s tra in  d iffe re n ce  between W ista r and 
Sprague-Daw ley ra ts  in the a b ility  o f S9 prepara tions to a c tiv a te  IQ, both s tra ins  
were employed in the present study in o rder to  investiga te  th is  s tra in  d iffe re n ce .
6.2 Materials and Methods
6.2.1 C hem ica ls
3 -M e thy lcho la n th re n e  (3 -M C ), 2 -am inoanthracene (2 -A A ), menadione, 
glucose 6 -phosphate dehydrogenase and a ll co fa c to rs  (Sigma, Poole, D orse t, U .K .), 
reso ru fin , e tho xy re so ru fin  (M o lecu la r Probes Inc., Junction  C ity , O regon, U .S.A.), 
phenobarbitone sodium (PB) and DMSO (BDH, Poole, D orse t, U .K .) w ere a ll 
purchased. A ro c lo r 1254 and benzphetam ine were generous g if ts  fro m  M onsanto 
Chem ica l Co., St. Louis, M ich igan, U .S .A . and UpJohn Co. L td ., 27100 Le  Vaudreel 
v ille , N a ive lle , F rance. IQ was shown to  be ch rom a tog raph ica lly  pure, by H P LC  on 
a W aters C l8 p Bondapak colum n using 30% m ethanol + 0.1% d ie th y la m in e  as 
e luent (see chapter 3, F ig . 3.4).
6.2.2 P re tre a tm e n t o f la b o ra to ry  anim als
Male W istar a lb ino ra ts  (200-250g) w ere purchased fro m  the A n im a l B reed ing 
U n it, U n ive rs ity  o f Surrey and m ale Sprague-D aw ley ra ts  (300-350g) w ere obta ined  
fro m  O lac 1976 L td ., B ices te r, U .K . A ro c lo r (dissolved in corn o il, 200m g/m l) - 
p re tre a tm e n t o f W ista r and S prague-D aw ley ra ts was achieved by a single i.p . dose 
(500m g/kg body w e ight). The ra ts  were k ille d  on the f i f t h  day fo llo w in g  dosing.
117
6.2.3 P repa ra tion  o f the  various a c tiv a tio n  systems
H epa tic  p o s t-m ito ch o n d ria l supernatant (9,000 x g supernatant, 59 fra c tio n ), 
m icrosom al suspension (105,000 x g p e lle t resuspended) and cy to so lic  fra c t io n  
(105,000 X g, supernatant) were prepared as previously described (loannides and 
Parke, 1975). The fo llo w in g  d e te rm ina tions  were ca rried  out on the m icrosom a l 
suspension as described in chap te r 4, section  4.2.7: benzphetam ine N -dem ethy lase , 
e thoxyreso ru fin  O -deethy lase , cy tochrom es P -450 leve ls and p ro te in  co n te n t.
6.2.4 The m e tabo lic  a c tiv a tio n  o f IQ to  mutagens by various hepa tic  
p repara tions
The b io a c tiv a tio n  o f IQ to  mutagens was determ ined in the Am es te s t (M aron 
and Ames, 1983), em ploying 5a lm one lla  typh im u rium  s tra in  TA  98 (see ch a p te r 4, 
section 4.2.5) and 10% hepa tic  p repara tions. The standard N A D P H -g e ne ra tin g  
system, con ta in ing  N AD P (4 m M ) and glucose 6 -phosphate (5 mM), was used in the 
assay. 5. typh im u rium  TA  98, w h ich  de tec ts  fra m e sh ift m uta tions, had p rev ious ly  
been shown to  be m ost sens itive  in de tec ting  m uta tions induced by IQ -typ e  
compounds (Sugim ura and Sato, 1983). In experim ents where m icrosom es only w ere 
used as the a c tiv a tio n  system , the 59 m ix  was supplemented w ith  1 u n it/p la te  o f 
glucose 6 -phosphate dehydrogenase. In most o f the experim ents a p re incuba tion  
step fo r  20 m inutes was inco rpo ra ted  in to  the tes t (see chap ter 4, sec tion  4.2 .3 .2). 
IQ was dissolved in DMSO so th a t the  leve l o f the so lvent never exceeded 
lO O pl/p la te .
For cross-over studies, m icrosom es fro m  one s tra in  o f ra ts  were m ixed w ith  
cytoso l o f the o the r and the e ff ic ie n c y  o f a c tiv a tio n  o f IQ compared to  hepa tic  59 
p repara tions fro m  the tw o stra ins. In order to  account fo r any c e n tr ifu g a tio n  
e ffe c ts  on the a c tiv a tio n  process, 59 suspensions were also prepared where the 
m icrosom al and cy toso lic  fra c tio n s  were separated and rem ixed only p r io r to  the 
test. There was no s ig n ific a n t va ria tio n  in the spontaneous revers ion  ra te  o f the 
various a c tiva tio n  systems.
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6.3 Results
6.3.1 The e ffe c ts  o f p re tre a tm e n t o f ra ts  w ith  m ixe d -fu n c tio n  oxidase- 
inducing agents
As expected, p re tre a tm e n t o f W istar and Sprague-Daw ley ra ts  w ith  A ro c lo r 
s tim u la ted  the a c t iv it ie s  both  o f the cytochrom e P -448-m ed ia ted  O -d e e th y la tio n  
o f e thoxyreso ru fin  and o f the N -d e m e thy la tio n  o f benzphetam ine w hich  is p r im a r ily  
m ediated by the phenobarbi tone-induced cytochrom e P-450 (Table  6.1). 
M icrosom al cy toch rom e  P-450 leve ls were increased due to  p re tre a tm e n t w ith  
A ro c lo r in both s tra ins o f ra t.
6.3.2 The m e tabo lic  a c tiv a tio n  o f IQ to mutagens by various hepa tic  
p repara tions
M icrosom es in the absence o f the cy toso lic  fra c tio n  re a d ily  a c tiv a te d  IQ to  
mutagens (Table 6.2). S upp lem enta tion  o f the a c tiva tio n  system  w ith  N A D H  gave 
rise to  a modest increase in the m utagenic response. In co n tra s t, cy toso l d id no t 
s ig n if ic a n tly  ca ta lyse  the a c tiv a tio n  o f the carcinogen in the presence o f e ith e r  
N AD P H , N A D H  or both.
In both s tra ins  o f ra t, m icrosom es were less e ff ic ie n t  than 59 fra c t io n s  in 
conve rting  IQ to  m utagenic in te rm e d ia te s  (Table 6.3). H ow ever, add itio n  o f the 
cy toso lic  fra c t io n  to  the m icrosom es, a fte r  te rm in a tio n  o f the m icrosom a l 
m etabolism , p o te n tia te d  the m utagenic response. P re tre a tm e n t o f an im als  w ith  
A ro c lo r not only s tim u la te d  the m icrosom al m etabolism  o f IQ  bu t also increased 
the p o te n tia tin g  e f fe c t  o f the cy toso l (Table 6.4).
A ro c lo r-in d uce d  5prague-D aw ley 59 fra c tio n s  were cons is ten tly  b e tte r  in 
a c tiva tin g  IQ than A ro c lo r-in d uce d  W ista r 59 fra c tio n s  (Table 6.5). A s im ila r s tra in  
d iffe re n ce  was observed when m icrosom es only were used as a c tiv a tio n  system s.
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Table 6.1
Cytochrome P-450 levels and mixed function oxidase activities  
of preparations used in the mutagenicity assays.
R a t
s tra in
Inducers C ytochrom es
P-450
(nm oles/m g pt)
O -D e e th y la tio n  
o f e th o xy ­
reso ru fin  
(nm oles/m in  
/m g  pt)
N -D e m e th y la tio n  
o f benzphetam ine
(nm oles H C H O /m in  
/m g  p t)
W istar co n tro l 0.23 0.02 9.06
A ro c lo r 1254 1 .68 7.85 11.90
Sprague-
D aw ley co n tro l 0.24 < 0.005 10.80
A ro c lo r 1254 1.72 6.67 14.17
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T able 6.2
Microsomal and cytosolic activation of IQ by 
Sprague-Dawley hepatic preparations: cofactor requirement and
effect of heat.
A c tiv a tio n  system H is tid in e  re v e rta n ts /p la te
M icrosom es + N AD PH 237 + 18*
M icrosom es + N AD PH  + N A D H 308 + 33*
M icrosom es (heated) + N A D PH 35 + 9
C ytoso l + N AD PH 39 + 6
C ytoso l + N A D P H  + N A D H 41 + 6
C ytoso l + N A D H  - N A D PH 25 + 7
C ytoso l -  N A D H  -  N A D PH 22 + 7
C ytoso l (heated) + N A D PH 23 + 6
Spontaneous revers ion ra te 28 + 4
IQ (lOng) was p re incubated  fo r  20 m inutes w ith  bac te ria  and m icrosom es 
or cy toso l fro m  A ro c lo r  1254-p re tre a te d  Sprague-D aw ley ra ts . N A D P  
and glucose 6 -phosphate were added as the standard N A D P H -gene ra ting  
system  and when approp ria te , N A D H  was added to  a fin a l co nce n tra tio n  
o f 4 mM. H eat tre a tm e n t com prised incubation  o f the hepa tic  tissue 
p repara tion  a t 60°C  fo r 10 m inutes. R esults are presented as mean + SD
fo r three p la tes.
*  p < 0.05
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Table 6.3
Role of cytosol In the activation of IQ to mutagens 
by rat hepatic preparations.
A c tiv a t io n  H is tid in e  re ve rta n ts /p la te
systems
S prague-D aw ley W ista r a lb ino
Resuspended
59 fra c t io n  79A + 7 4* 537 + 6 *
M icrosom es + b u ffe r 234 + 38* 137 + 12*
M icrosom es + cy toso l 601 + 139* 560 + 9 *
Spontaneous revers ion  ra te  18 + 2 14 + 2
IQ (lOng) was p re incubated fo r  20 m inutes w ith  b a c te ria  and 
m icrosom es fro m  A ro c lo r 1 25 4 -p re trea ted  ra ts  and re a c tion  
te rm in a te d  by add ition  o f lOOpl o f menadione (90pM ), B u ffe r  or 
cy toso l were then added and a fu r th e r p re incubation  was ca rrie d  
out fo r  20 m inutes. When the resuspended 59 fra c t io n  was used as 
the a c tiv a tio n  system  only the f ir s t  p re -incuba tion  was 
pe rfo rm ed . R esults are presented as mean + 5D fo r th ree  p la tes. 
The experim en t was repeated w ith  s im ila r results.
* p < 0.05
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Table 6.4
E ffec t of Aroclor 1254 pretreatment on the cytosolic 
potentiation of the microsomal activation of 
IQ to mutagens.
A c tiv a t io n  systems H is tid in e  re v e rta n ts /p la te
Source o f 
m icrosom es
un trea ted
un trea ted
A ro c lo r pre tre a te d
A ro c lo r  pre tre a te d
Spontaneous reversion 
ra te
Source o f 
cy toso l
un trea ted  
A ro c lo r pre tre a te d  
untrea ted  
A ro c lo r p re trea ted
82 + 13* 
145 + 15* 
618 + 50* 
862 + 37*
28 + 4
IQ  (lOng) was pre incubated fo r 20 m inutes w ith  b a c te ria  and 
various a c tiv a tio n  systems derived fro m  un trea ted  and 
A ro c lo r  1254 p re tre a te d  S prague-D aw ley ra ts. R esu lts are 
presented as mean + SD fo r three p lates.
* p < 0.05
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T able 6.5
Strain differences in the activation of IQ by hepatic 
ra t preparations: role of the cytosoL
A c tiv a t io n  systems H is tid in e  re v e rta n ts /p la te
Source o f Source o f
m icrosom es cy toso l
S prague-D aw ley - 356 + 11*
W istar - 196 + 2 *
S prague-D aw ley S prague-D aw ley 744 + 9 1*
W istar W istar 577 + 48*
Sprague-D aw ley W istar 590 + 95*
W istar Sprague-D aw ley 718 + 56*
- S prague-D aw ley 69 + 16*
- W istar 68 + 1 1 *
S9 m ix Sprague-Daw ley 1021 + 28*
S9 m ix W istar 914 + 4 *
Spontaneous revers ion  ra te  18 + 4
IQ (lOng) was p re incubated fo r  20 m inutes w ith  b a c te ria  and the various 
a c tiv a tio n  systems derived fro m  A ro c lo r 1254 p re trea ted  ra ts . R esults 
are presented as mean + SD fo r th ree  p la tes. The experim en t was 
repeated w ith  s im ila r resu lts.
*  p < 0.05
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C ytoso lic  fra c tio n s  o f both  ra t  s tra ins  were very poor a c tiv a to rs  o f the 
carcinogen. S upp lem enta tion  o f the W is ta r m icrosom es w ith  S prague-D aw ley 
cy toso l increased the m u ta g e n ic ity  o f IQ  to  the leve ls  seen w ith  the 
S prague-D aw ley S9 fra c tio n . In co n tra s t, S prague-D aw ley m icrosom es 
supplem ented w ith  W istar cy toso l were as e ff ic ie n t  as W ista r S9 fra c tio n s  in 
a c tiv a tin g  IQ but less than Sprague-D aw ley S9 fra c tion s .
6.4 Discussion
Previous studies on the m e tabo lic  a c tiv a tio n  o f IQ (see chap te r 4, F ig . 4.1) 
ind ica ted  th a t S9 prepara tions derived  fro m  3 -M C - or A ro c lo r-p re tre a te d  W ista r 
ra ts  were much m ore e ffe c t iv e  than those fro m  un trea ted  or P B- pre tre a te d  
anim als. This c le a rly  co n firm s  e a r lie r observations (K a to  e t a l., 1983) th a t am ino- 
im idazo azaarenes are p re fe re n tia lly  a c tiva te d  to  the p rox im a te  m utagen by the 
cytochrom e P-448. I t  is no t possible fro m  these data, to  d is tingu ish  w h ich  
cy toch rom e P-448 isoenzyme(s) (i.e . P -450c  o r P -450d) is invo lved  in the 
a c tiv a tio n  process,but previous studies (Ish ii e t ^ . ,  1980, 1981) have ind ica ted  th a t 
the h igh-sp in  (P -450d) is responsible. Since rin g -h yd roxy la te d  p roducts are 
genera lly  non-m utagen ic (Masson e t £ l. ,  1983; Tong e t ^ . ,  1986), and the a c tiv a tio n  
systems employed in the cu rre n t w ork w ere devoid o f N -a ce ty lase  a c t iv ity  and 
o the r Phase II con jugating  enzymes (G re im  e t ^ . ,  1980; McCann and Am es, 1977), 
i t  may be in fe rred  th a t the a c tiv a tio n  to  mutagens proceeds v ia  N -h y d ro x y la tio n .
In con tras t to the m icrosom es, the cy to so lic  fra c tio n  in the presence o f 
N AD PH  and/or N A D H  was unable to  a c tiv a te  IQ (Table 6.2). As expected, 
supplem entation o f the m ic ro so m a l-a c tiva tin g  system  w ith  N A D H  led to  a m odest 
increase in the m utagenic response, as p rev ious ly  reported  fo r  o the r m utagens 
(Tong et ^ . ,  1986); N A D H  presum ably acts as an e le c tron  donor to  cy toch rom es 
P -450.
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Microsom es fro m  e ith e r s tra in  o f ra t  were much poorer in a c tiv a tin g  IQ than 
the corresponding resuspended 59 fra c tio n s  (Table 6.3), ind ica tin g  a s ig n if ic a n t ro le  
fo r  the cytoso l in the a c tiv a tio n  process. Since i t  was shown above th a t cy toso l 
alone was not ac tive  in th is  respect, th is  ind icates th a t e ith e r (a) a cy to so lic  fa c to r  
p o te n tia te s  the m e tabo lic  a c t iv ity  o f the m icrosom es and /o r (b) th a t the 
m icrosom al m e tabo lite  is fu r th e r  m etabolised to  a more p o te n t mutagen by a 
cy to so lic  enzyme system. Since, in  the p ro to co l used here, m icrosom al m etabo lism  
was te rm ina ted  by menadione p r io r  to  the add ition  o f  cy toso l, the la t te r  
mechanism  appears more lik e ly . F u rthe rm ore , th is  cy to so lic  m etabo lism  was 
A ro c lo r- in d u c ib le  (Table 6.4).
In v iew  o f the im portance  o f the cytoso l in the overa ll a c tiv a tio n  process, i t  
was considered p e rtin e n t to  in ves tiga te  w hether th is  form ed the basis o f the 
observed in te r-s tra in  d iffe re n ces  betw een W ista r and Sprague-D aw ley ra ts . The 
resu lts  shown in Table 6.5 c le a rly  dem onstra te  th a t, w h ile  m icrosom a l a c tiv a tio n  o f 
IQ was g rea te r in the S prague-D aw ley than the W is ta r-de rived  prepara tions, th is  
was no t the sole basis o f the in te r-s tra in  d iffe re n ce . Thus the cy to so lic  fra c t io n  
fro m  Sprague-D aw ley ra ts  was more a c tiv e  than th a t derived fro m  W ista r ra ts  in 
enhancing m utagenic a c t iv ity  produced by the m icrosom al fra c t io n  fro m  e ith e r 
s tra in .
In  passing, i t  w il l be noted th a t the in te r-s tra in  d iffe re n ce  in the a c tiv a tio n  
o f IQ by m icrosom al p repara tions fro m  A ro c lo r-p re tre a te d  ra ts  was no t pa ra lle led  
by a s im ila r e ffe c t on O -d e e th y la tio n  o f e tho xy re so ru fin  (Tables 6.1 and 6.5). 
Since i t  is known (G uengerich e t ^ . ,  1982; A s trom  and De P ie rre , 1985) th a t EROD 
is p r im a r ily  catalysed by the low -sp in  cy toch rom e P -450c, th is  suggests th a t the 
h igh-sp in  cytochrom e P-450d is re la t iv e ly  m ore im p o rta n t in the N -h y d ro x y la tio n  
o f IQ. This is in accord w ith  previous studies w ith  o the r am ino -im idazo  azaarenes 
(K a to  e t a{., 1983). In conclusion, the studies presented in th is  chap te r 
dem onstra te  c lea rly  th a t the cy toso lic  fra c t io n  may m odula te  the m u ta g e n ic ity  o f 
th is  chem ica l carcinogen.
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C h a p te r 7 : E f fe c t  o f  try p ta m in e  on the  m utagenic a c t iv i ty  o f  
2 -a m in o -3 -m e th y lim id a zo  (4 ,5 -f)  qu ino line  (IQ ) and 
re la te d  compounds in  the  Am es te s t.
7.1 In tro d u c tio n
T ryp tam in e  is a known m onoamine oxidase substra te , capable o f reducing the 
m utagenic a c t iv ity  o f d im e thy ln itro sa m in e  (DM N) in the Am es te s t (Row land e t W., 
1980). A ild r ic k  e t W. (1986) repo rted  th a t tryp ta m in e  has a s im ila r e ffe c t  on 
2 -a m in o -3 -m e th y lim id a zo (4 ,5 -f) qu ino line  (IQ) and 2 -a m in o -3 ,4 -d im e thy lim id a zo  
(4 ,5 - f)  qu ino line  (M elQ ). Since try p ta m in e  is present in m eat (R ice  ^  W., 1975) 
and cheese (V o igh t e t a l., 1974), i t  was considered im p o rta n t to  exam ine, in  m ore 
d e ta il, th is  in h ib ito ry  e ffe c t  on a c tiv a tio n  o f the am ino-im idazo  azaarenes, the 
mutagens form ed  during the cooking o f m ea t products (Sugimura and Sato, 1983).
In the study by A ild r ic k  e t (1986), S9 p repara tions derived  only fro m  
un trea ted  and A ro c lo r-p re tre a te d  Sprague-D aw ley ra ts  were em ployed. H ow ever, 
e a r lie r w ork (Abu-Shakra ^  a l., 1986; see chap te r 6 ) had revealed in te rs tra in  
d iffe rences  between W ista r and Sprague-D aw ley ra ts  in the a b il ity  o f th e ir  hepa tic  
p repara tions to  a c tiv a te  IQ to  mutagen(s). T he re fo re  both  s tra ins  were 
investiga ted  in the study reported  here.
7.2 M a te r ia ls  and M ethods
7.2.1 Chem icals
2 -A m inoan th racene  (2 -A A ), menadione, tryp ta m in e , g lucose-6 -phosphate 
dehydrogenase and a ll co fa c to rs  (Sigma, Poole, D orse t, U .K .), re so ru fin , 
e thoxyresoru fin  and pen toxyreso ru fin  (M o le cu la r Probes Inc., Junc tion , Oregon, 
U.S.A.) and DMSG and tryp ta m in e  hydroch lo ride  (BDH, Poole, D orse t, U .K .) w ere 
a ll purchased. A ro c lo r 1254 and benzphetam ine were generous g if ts  fro m  Monsanto 
C hem ica l Company, St. Louis, M ich igan, U .S .A . and UpJohn Company L td ., 27100
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Le Vaudreel V ille , N a ive lle , F rance. F o r IQ, M elQ  and M elQ x, see chap te r 2, 
section  2.2.1; the azaarenes w ere shown to  be ch ro m a tog raph ica lly  pure by H P LC  
on a W aters C18 p Bondapak colum n w ith  30% m ethanol + 0.1% d ie thy lam ine  as 
e luen t (see ch ap te r 3, F ig . 3.4 and chap te r 5, F ig . 5.3).
7.2.2 H e p a tic  p repara tions used fo r  the m e tabo lic  a c tiv a tio n  o f 
am ino-im idazo  azaarenes
H e p a tic  p os tm itochond ria l superna tan t (9,000 x g supernatant, S9 fra c tio n ), 
m icrosom al suspension (105,000 x g p e lle t resuspended) and cy toso lic  fra c t io n  
(105,000 X g supernatant) were derived fro m  A ro c lo r 1254-p re trea ted  W is ta r and 
Sprague-Daw ley ra ts . F o r methods o f p re tre a tm e n t o f ra ts  and p repa ra tion  o f the 
various hepa tic  p repara tions see chap te r 6 , sections 6.2.2 and 6.2.3.
The hepa tic  p repara tions were cha rac te rize d  w ith  respect to  m ixe d -fu n c tio n  
oxidase a c tiv it ie s , cy toch rom e  P-450 and p ro te in  leve ls (see chap te r 4, section  
4.2.7).
7.2.3 The e ffe c t  o f tryp ta m in e  on the  a c tiv a tio n  o f am ino-im idazo  
azaarenes to  mutagens
The b io a c tiv a tio n  o f IQ, MelQ and M elQ x to  mutagens in the presence o f 
tryp ta m in e  was dete rm ined  in the Am es te s t (M aron and Am es, 1983) em ploying  
Salm onella typh im u rium  T A  98 (see chap te r 4, section  4.2.5) and 10% o f the  various 
(S9 fra c tio n , m icrosom al and cy toso lic ) hepa tic  p repara tions; in the experim en ts  
where m icrosom es only were used as the a c tiv a tio n  system , the m icrosom a l 
p repa ra tion  was supplem ented w ith  1 u n it/p la te  o f glucose 6 -phosphate 
dehydrogenase. A p re incubation  step o f 20 m inutes was ca rrie d  ou t in a ll 
experim ents. IQ, MelQ and MelQx were dissolved in DMSG so th a t the le ve l o f the 
so lvent never exceeded lO O pl/p la te .
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To study the e ffe c t  o f tryp ta m in e  on the m icrosom al a c tiv a tio n  o f IQ 
compounds to  mutagens, the b iogenic am ine was added to  the  p re -in cub a tion  m ix. 
T ryp tam ine  was added as the free  base dissolved in  DMSO or as the hydroch lo ride  
dissolved in  w a te r to  g ive the requ ired  conce n tra tio n  in  the  f in a l assay m edium . 
When DMSO was used as so lvent, the volum e applied never exceeded 100 p 1 /p late 
(inc lud ing  the DMSO used as so lvent fo r  the te s t m utagen); a standard volum e 
(50 u 1/plate) o f  aqueous so lu tion  o f  approp ria te  co nce n tra tio n  was used. S im ila r 
resu lts  were obta ined w ith  e ith e r free  base o r hydroch lo ride . In the  experim ents  
where the ro le  o f cytoso l in the m e tabo lic  a c tiv a tio n  o f IQ was eva luated, the 
am ine was inco rpora ted  in to  the cy toso l w h ich  was added to  the a c tiv a tio n  system  
fo llo w in g  the te rm in a tio n  o f m icrosom al m etabo lism  by lO O pl per p la te  o f 
menadione (90 pM ).
In o rder to  account fo r any c e n tr ifu g a tio n  e ffe c t  on the  a c tiv a tio n  process, 
S9 suspensions were also prepared where the m icrosom al and cy to so lic  fra c tio n s  
were separated and rem ixed only p r io r to  the tes t.
7.3 Results
7.3.1 The e ffe c t  o f tryp ta m in e  on the a c tiv a tio n  o f IQ  to  mutagens
M icrosom es derived fro m  A ro c lo r-p re tre a te d  anim als w ere capable o f 
a c tiv a tin g  IQ to  mutagens (F ig. 7.1). F u rthe rm ore , supplem enting the  a c tiv a tio n  
m ix w ith  the cy toso lic  fra c tio n  a fte r  m icrosom al a c tiv a tio n  was te rm in a te d , 
po te n tia te d  the m etabo lic  a c tiv a tio n  considerably in  both  ra t  s tra ins . When 
tryp ta m in e  was added to  the resuspended 59 and m icrosom a l p repa ra tions  the 
a c tiv a tio n  o f IQ by the fo rm e r d im in ished whereas m icrosom al a c tiv a t io n  was 
v ir tu a lly  to ta lly  inh ib ited  but the p o te n tia tin g  e ffe c t  o f  cy toso l was s t i l l  
s ig n ifica n t.
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Fig. 7.1 The inhibitory effect of tryptamine on the 
activation of IQ by hepatic preparationF 
derived from Are^clor lz54~pretreateei rats: 
the potentiating role of tne cytosolT
IQ (10 ng) was preincubated for 20 minutes with bacteria 
and microsomes derived from Aroclor 1254-pretreated 
(a) Sprague-Dawley and (b) Wistar rats, in the presence 
of various concentrations of tryptamine,and the reaction 
was terminated by addition of 100 pi/plate of menadione 
(90 pM) . Buffer or cytosol was then added and further 
preincubation was carried out for 20 minutes. When the 
resuspended 39 fraction was used as the activation system 
only the first preincubation was performed. Results are 
presented as mean S.D. for 3 plates.
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Fig. 7.2 Effect of tryptamine on the activation 
of IQ to mutagens by microsomes derived 
from Aroclor 1254-pretreated r a t s .
IQ (10 ng) was preincubated for 20 minutes with bacteria, 
in the presence of various concentrations of tryptamine. 
Results are represented as mean _+ S.D. of 3 plates. 
Microsomes were derived from Aroclor 1254-pretreated 
Wistar ( O  ) and Sprague-Dawley ( #  ) rats.
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Effect of tryptamine on the potentiation by- 
cytosol of microsomal activation of I Q .
IQ (10 ng) was preincubated for 20 minutes with bacteria 
and microsomes. After terminating the microsomal activation 
with 100 pl/plate of menadione (90 pM) the cytosolic fraction 
was incorporated with tryptamine and added to the microsomal 
mix then further preincubation for 20 minutes was carried 
out. Microsomes were derived from Aroclor 1254-pretreated 
Wistar ( O  ) and Sprague-Dawley ( •  ) rats. Results are 
presented as mean + S.D. for 3 plates.
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T ryp tam ine  cons is ten tly  in h ib ite d  the a c tiv a tio n  o f IQ to  mutagens by 
m icrosom es derived fro m  A ro c lo r-p re tre a te d  ra ts  o f both s tra ins  (F ig . 7.2). 
S im ila r ly  enzyme assays o f e th o xy re so ru fin  O -deethylase and p en toxy reso ru fin -O - 
dealkylase a c tiv it ie s  dem onstra ted c le a rly  the in h ib ito ry  e ffe c t  o f tryp ta m in e  
(F ig . 7.3).
When tryp ta m in e  was inco rpora ted  in to  the cytoso l then added to  the Am es 
assay, a fte r  the m icrosom al a c tiv a tio n  was te rm ina ted , cy toso lic  p o te n tia tio n  was 
inh ib ite d  in W istar bu t to a much lesser degree in Sprague-D aw ley ra ts  (F ig . 7.4); 
the in h ib ito ry  e ffe c t o f tryp ta m in e  in W ista r ra ts  was more pronounced when fresh 
cy toso l was used ra the r than heated cy toso l (a t 60°C  fo r 10 m inutes) (F ig . 7.5).
7.3.2 The e ffe c t o f tryp tam ine  on the m e tabo lic  a c tiva tio n  o f am ino-im idazo  
azaarenes to  mutagens
The a c tiv a tio n  o f IQ and M elQ x by S9 prepara tions derived fro m  A ro c lo r-  
p re trea ted  W istar ra t, was in h ib ite d  by tryp ta m in e ; no s ig n ific a n t e ffe c t  was 
observed w ith  the Sprague-Daw ley p repara tions (F ig . 7.6a,b). In com parison, the 
a c tiv a tio n  o f M elQ  (F ig. 7.6c) w ith  S9 p repara tions derived fro m  A ro c lo r-  
p re tre a te d  W istar and Sprague-Daw ley ra ts , showed tryp ta m in e  to  have a m oderate  
in h ib ito ry  e ffe c t w ith  W istar bu t an enhancing e ffe c t w ith  Sprague-D aw ley 
prepara tions.
7.4 Discussion
I t  has been shown previously (Kasai e t ^ . ,  1981b; Nagao e t ^ . ,  1977c) th a t IQ 
and re la ted  compounds require  m e tabo lic  a c tiv a tio n  by S9 p repara tions in  o rde r to  
d isp lay m utagenic a c t iv ity .  E a r lie r  work (Yam azoe e t ^ . ,  1983; Abu-Shakra e t a l., 
1986) ind ica ted  tha t m icrosom al enzymes p lay an essentia l ro le  but th a t a c y to s o lic  
fa c to r  can po te n tia te  the m utagenic a c t iv ity  o f the m icrosom al m e tabo lite (s ). This 
cy toso lic  fa c to r appears to  be opera tive  on a m icrosom al m e tab o lite  ra th e r than 
p o te n tia tin g  the fo rm a tion  o f th is  m e tab o lite  o r d ire c t ly  a c tiv a tin g  IQ since:
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(a) cy toso l alone does not a c tiv a te  IQ (Abu-Shakra e t W., 1986) and (b) add ition  o f 
the cy toso lic  fra c t io n  a fte r  p re incubation  w ith  m icrosom es and te rm in a tio n  o f 
m icrosom al a c t iv ity  w ith  menadione s t i l l  led to  increased m utagenic a c t iv ity  (F ig .
7.1 a,b).
The observation th a t try p ta m in e  in h ib ite d  a c tiv a tio n  o f IQ and M elQ x by 59 
prepara tions derived fro m  A ro c lo r-p re tre a te d  W ista r ra ts and to  a much lesser 
degree Sprague-Daw ley ra ts  (F ig . 7.6a,b), raises the question o f w h ich  steps; 
m icrosom al a c tiv a tio n  and /o r cy to so lic  p o te n tia tio n , were in h ib ited .
I t  was dem onstra ted th a t try p ta m in e  inh ib ite d  m icrosom al a c tiv a tio n  o f IQ  in 
the absence o f cytoso l, using m icrosom es derived  fro m  both s tra ins o f ra t, w ith  low  
residual a c t iv ity  being observed a t tryp ta m in e  concen tra tions o f > 10 pM  (F ig . 7.2). 
In add ition , to  a lesser e x te n t, tryp ta m in e  inh ib ite d  the» p o te n tia tio n  by cy toso l 
when added a fte r  te rm in a tio n  o f m icrosom al a c tiv a tio n  (F ig . 7.4). Since 
tryp ta m in e  m arked ly in h ib ite d  m e tabo lic  a c tiv a tio n  by S9 p repara tions derived  
fro m  A ro c lo r-p re tre a te d  W ista r b u t no t Sprague-Daw ley ra ts  (F ig . 7.6a) and since
(a) m icrosom al p repara tions fro m  both  stra ins were s im ila r ly  in h ib ite d  in the 
absence o f cy toso l and (b) cy toso l alone does not a c tiva te  IQ , the re  would appear 
to  be tw o a lte rn a tiv e  pathways o f m icrosom al m etabo lism . One pathw ay conve rts  
IQ to  a m utagenic m e tab o lite  (A ) and is inh ib ited  by tryp ta m in e . The e ffe c t  o f 
tryp ta m in e  on the tryp tam ine -se n s itive  pathw ay is para lle led  w ith  in h ib itio n  o f 
cytochrom e P -450 -m ed ia ted  assays (F ig . 7.3) suggesting a ro le  fo r  cy toch rom e  
P-450 enzymes in the a c tiv a tio n .
The a lte rn a tiv e  tryp ta m in e -in se n s itive  pathway produces a non- o r w e a k ly - 
m utagenic m e tab o lite  (B) w hich is fu r th e r  a c tiva te d  by a cy to so lic  fa c to r  to  a 
mutagen (D). The p u ta tive  pathw ay B — i nvol vi ng p o te n tia tio n  o f m e ta b o lite  B 
by a tryp tam ine -sens itive  cy toso lic  pa thw ay is also consisten t w ith  the observed 
data i f  (a) E is less m utagenic than D and (b) B — ^ D  is tryp ta m in e  insensitive .
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These pathways are shown d ia g ra m a tica lly  below :
m icrosom al
IQ J) A  (m utagen ic)
cy to so lic  P athw ay I
C  (m utagen ic)
try p ta m in e -
sensitive
m icrosom al
try p ta m in e -
insens itive
B (n o n - or
try p ta m in e - 
sensitive
tryp tam ine -
sensitive
E (m utagen ic)
cy to so lic P athw ay II
w e a k ly - try p ta m in e - 
m utagenic) insens itive
The resu lts  shown in F igs. 7.4 and 7.5 ind ica te  th a t the step A  > C ,
m ediated by the cytoso l, is also tryp ta m in e -se n s itive . F u rthe rm o re , in  the lig h t o f 
the  v ir tu a l lack o f in h ib itio n  by try p ta m in e  o f the a c tiv a tio n  o f  IQ  by 59 
p repara tions fro m  Sprague-Daw ley ra ts  (F ig . 7.6a), the  a lte rn a tiv e  try p ta m in e - 
insensitive  pathway would appear to  be the m a jo r rou te  o f a c tiv a tio n  in m icrosom a l 
p repara tions fro m  th is s tra in .
M icrosom al a c tiv a tio n  o f IQ to  m utagenic m e ta b o lite  A  is in h ib ite d  by 
tryp ta m in e . Since (a) the N -h y d ro x y la tio n  o f IQ has been shown to  be p r im a r i ly  
cata lysed by the h igh-sp in  cy toch rom e P -450d  (Yam azoe e t a l., 1983) and
(b) tryp tam ine  in h ib its  the m ixed fu n c tio n  oxidase a c tiv it ie s , O -d e e th y la tio n  o f 
e thoxyresoru fin  and O -d ea lky la tio n  o f p en toxyreso ru fin  (F ig . 7.3), i t  appears lik e ly  
th a t A is the N -h yd ro xy  d e riva tive  o f IQ.
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As fo r the cy toso lic  p o te n tia tio n  o f m e tab o lite  A v ia  the A —^  C pathway, 
a lthough i t  has been suggested th a t the u ltim a te  m utagenic fo rm  o f IQ may be the 
sulphate este r (Nagao e t 1983a), m e tabo lite  C is u n like ly  to  be a sulphate or 
a c e ty l es te r (Shinohara e t £ l., 1984) because (a) in the presence o f 59 prepara tions 
derived  fro m  S prague-D aw ley ra ts  p re trea ted  w ith  po lych lo rina ted  biphenyls, IQ 
has been shown to  be m utagenic tow ards Salm onella typh im u rium  s tra in  T A  98 bu t 
no t tow ards TA  98 /1 ,8 -D N P ^; a s tra in  d e fe c tive  in  e s te rify in g  a c t iv ity  (see chap te r 
1, Table 1.3; Nagao e t 1983a) and (b) in the experim ents ca rrie d  ou t fo r  th is  
study no co fa c to rs  fo r  e s té r if ic a tio n , such as a ce ty l CoA o r sulphate, have been 
inco rpo ra ted  in the a c tiv a tio n  m ix. There fo re , in o rder to  e luc ida te  the natu re  o f 
m e tab o lite  C, fu r th e r w ork is required . W ith  regard to  compound B, w h ich  is non- 
or w eak ly -m u tagen ic  and is form ed via the tryp ta m in e -in se n s itive  pathw ay, the 
N -d e m e th y la tio n  o f IQ can be suggested as a possible pathw ay as 
2 -a m in o im id a zo (4 ,5 -f) qu ino line  (desm ethyl IQ) has been found to  be ve ry w e a k ly - 
m utagenic tow ards Salm onella typh im u rium  TA  98 in  the presence o f 59 
p repara tions derived fro m  Sprague-D aw ley ra ts  p re trea ted  w ith  p o lych lo rin a te d  
biphenyls (Nagao e t ^ .,1 9 8 1 ), bu t fro m  the resu lts  reported  in th is  study the  
m icrosom al m e ta b o lite  B is fu r th e r a c tiva te d  to  mutagens by the cy toso l (F ig . 7.1), 
th e re fo re  B is u n like ly  to  be 2 -a m in o im id azo (4 ,5 -f) quino line. Th is conclusion is 
supported by the fa c ts  th a t (a) N -d e m e th y la tio n  is expected to  be in h ib ite d  by 
tryp ta m in e  and (b) no form aldehyde has been de tec tab le  during the  m icrosom a l 
a c tiv a tio n  o f IQ (Yam azoe e t a l., 1983)
R ing hyd roxy la tion  per se would not be expected to  generate m utagen ic  
m e tab o lite s  (Masson e t ^ . ,  1983; Tong e t ^ . ,  1986) bu t would re su lt in  change in 
b a s ic ity  o f the amino group and s p e c ific ity  tow ards a c tiv a tio n  by 
cy toch rom e P -450-dependent m ixed fun c tio n  oxidases or m icrosom al f la v in  am ine 
oxidases (G orrod, 1973), but in this case also, the in it ia l ring  h yd roxy la tio n  would 
be cy toch rom e P-450-dependent and is inh ib ited  by tryp ta m in e . F o r th is
139
reason B is u n like ly  to  be ring  hydroxy la ted . The poss ib ility  th a t m e ta b o lite  B is an 
N -o x id e  (A ild r ic k  e t a l., 1986) generated by the FAD -m onooxygenase cannot be 
excluded.
The p a tte rn  o f a c tiv a tio n  o f MelQx (F ig. 7.6b) and in h ib it io n  by try p ta m in e  
was s im ila r to  th a t fo r  IQ, suggesting th a t s im ila r mechanisms are o pe ra tive  also 
w ith  th is  compound. H ow ever, in  the case o f MelQ (F ig. 7.6c), w h ich  is much m ore 
m utagenic than IQ or M elQ x, b locking  the tryp tam ine -se n s itive  pathw ay caused 
only a s lig h t decrease in a c tiv a tio n  by hepa tic  59 p repara tions fro m  W is ta r ra ts  and 
an increase in a c tiv a tio n  by s im ila r p repara tions derived fro m  5prague-D aw ley  
ra ts . This suggests th a t MelQ is p r im a r ily  a c tiva te d  by the  try p ta m in e -in se n s itive  
pathw ay and th a t the p roduct is more m utagenic than th a t o f the  try p ta m in e - 
sensitive  pathw ay in the 59 p repara tions fro m  5prague-D aw ley ra ts  i.e . b lock ing  
the co m p e titio n  fo r  substra te  by the tryp tam ine -se n s itive  pathw ay leads to  a 
modest increase in fo rm a tio n  o f the m ore m utagenic p roduct. W ith  p repa ra tions 
fro m  W istar ra ts , where the tryp ta m in e -se n s itive  pathway predom inates, in h ib it io n  
o f th is  pathw ay causes a sm all o ve ra ll decrease in a c tiva tio n .
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C hapte r 8 : Conclusions
A m in o -im id a zo  azaarenes (A IA s) are pow erfu l mutagens in S alm onella  and 
in some m am m alian  bioassays, and carcinogens in ra t and m ice  (see ch ap te r 1 ). 
This pos itive  geno tox ic  response, against several endpoints, o f compounds form ed 
in m eat p roducts during cooking suggests a p o te n tia l hazard to  humans (H a tch , 
1986), especia lly  since hum an -live r m icrosom es have been found e ffe c t iv e  in 
m e tabo liz ing  ca rc inogen ic  a ro m a tic  am ines and q u a lita tiv e ly  s im ila r to  ra t -  o r 
m ouse-live r m icrosom es (D ybing e t £ l. ,  1979). Evidence th a t humans e xcre te , in 
the u rine, mutagens derived fro m  fr ie d  bee f (Hayatsu e t ^ . ,  1985) and th a t 
mutagens w ith  a s im ila r response in the Am es tes t were detected  in  the u rine  o f 
ra ts  in je c ted  w ith  2 -am in o -3 -m e th y lim id azo (4 ,5 -f)qu in o lin e  (IQ; Sjodin and 
Jagerstad, 1984; Barnes and W eisburger, 1985) support the suggestion th a t A IA s  
may be m etabolised by human liv e r . H ow ever, in v iew  o f the in te rs tra in  
d iffe re n ces  observed between W ista r and Sprague-Daw ley ra ts  (chap te r 6 ) and 
in terspecies d iffe re n ce s  (ra t and ham ster; chap ter 4) in m etabo lism  o f A IA s , 
m ore de ta iled  com parisons w ith  the human are needed.
F e lton  and H ealy (1984) showed th a t m icrosom al p repara tions derived  fro m  
human liv e r  were less e ffe c t iv e  than the p repara tions derived fro m  A ro c lo r -  
p re trea ted  ra ts  in a c tiv a tin g  to  mutagens the basic fra c tio n  derived fro m  fr ie d  
beef, bu t were much m ore e ffe c t iv e  than the untrea ted  ra t-d e rive d  p repara tions. 
As a resu lt, i t  was speculated th a t the human a c tiv a tio n  system may be induced 
by env ironm enta l fac to rs , e.g. drugs, p o llu ta n ts  or d ie ta ry  fa c to rs . T ryp ta m in e  
is a d ie ta ry  b iogenic am ine present in m eat (R ice  e t a l., 1975) and cheese (V o igh t 
^  a l., 1974), and i t  has been shown to  in h ib it both the a c tiv a tio n  o f some A IA s  in 
the Ames test and some m ixe d -fu n c tio n  oxidase (M FD) a c tiv it ie s  in A ro c lo r -  
p re trea ted  ra ts (chap te r 7). S ince many ]n  v itro  in h ib ito rs  o f MFO are inducing 
agents on repeated a d m in is tra tio n  in v ivo , eg. an tiox idan ts  (loannides and Parke,
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1973; Parke 1974), tryp ta m in e  may increase the m etabo lism  o f A IA s  ]n
v ivo , hence increase the p o te n tia l hazard. In order to  c la r ify  w he the r d ie ta ry  
tryp ta m in e  in h ib its  or induces m e tabo lic  a c tiv a tio n  o f A IA ’s, i t  would  be o f 
in te re s t to  c a rry  o u t an inves tiga tion  using hepa tic  59 p repara tions derived  fro m  
ra ts  adm in is te red  w ith  tryp tam ine  up to  m axim um  to le ra te d  doses.
The study c a rrie d  out on the in h ib itio n  by tryp tam ine  o f the a c tiv a tio n  o f 
A IA s  to  m utagens (chapte r 7) suggests th a t there  is a m a jo r pathw ay o f 
a c tiv a tio n  w hich is tryp tam ine -se n s itive  and one or more pathways w hich  are 
tryp ta m in e -in se n s itive . The la t te r  pathways rem ain  specu la tive  and the  p u ta tiv e  
m e tabo lites  have not been is o la te d /id e n tif ie d . Since these try p ta m in e - 
insensitive  pathw ays appear to  be im p o rta n t fo r  the a c tiv a tio n  o f 2 -am ino  -3 ,4 -  
d im e thy lim id a zo (4 ,5 -f)q u in o lin e  (M elQ ) and more s ig n ifica n t in the Sprague- 
D aw ley s tra in  o f ra t than the W ista r, m ore w ork is needed in th is  area.
Processed m eat products (sausages, ham burgers) conta in  o the r non-m eat 
ingred ien ts  and when subjected to  g r ill in g  are shown to  y ie ld  basic fra c tio n s  (see 
chap te r 2) w h ich  are less m utagenic than the fra c tio n s  derived fro m  fr ie d  bee f 
p a ttie s , w ith  no o th e r ingred ients. The observation  could be sim ply due to  (a) the 
d ilu tio n  o f one precursor o f A IAs, c rea tin (in )e , and /o r (b) to  the presence o f 
spec ific  in h ib ito rs  o f the M a illa rd -typ e  reactions, such as SO2 in sausage 
(R oberts and McW eeny, 1972), w h ich  b lock the  fo rm a tio n  o f substitu ted  pyrid ines 
and pyrazines, also precursors o f  A IA s  (see chap te r 1, F ig . 1.1). A n tio x id a n ts  
may also in h ib it the  fo rm a tion  o f A IA s  during the cooking o f m eat p roducts  
(Wang ^  W., 1982). There fo re  i t  would be w o rth  exp loring  e ffe c ts  o f food 
ingred ients, o the r than meat, on the fo rm a tio n  o f A IAs, w ith  a v iew  o f 
decreasing the m u tagen ic ity  in the cooked p roduct. This is analogous to  
suggestions th a t since ascorbic acid in h ib its  the fo rm a tio n  o f n itrosam ines 
(M irv ish  et a l., 1972), there m igh t the re fo re  be advantages in in co rpo ra tin g
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ascorbic acid in to  n itr ite -c u re d  m eat p roducts or drug fo rm u la tion s  con ta in ing  
n itro sa ta b le  am ines.
Methods fo r e x tra c tin g  and p u r ify in g  the  m utagenic a c t iv ity  fro m  fr ie d  or 
g r il le d  m eat p roducts are s t i l l  u nsa tis fa c to ry  due to  poor recoveries o f A IA s  and 
the re  is a need to  im prove the a n a ly tic a l m ethodology. B e tte r  recoveries would 
a llow  fo r m ore accura te  assessment o f the  leve ls and nature o f A IA s  in  cooked 
food and the re fo re  o f th e ir  p o te n tia l to x ic ity  to  humans.
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APPENDIX
BOND ELUT CARTRIDGE
TEFLON LID
TO VACUUM PUMP
TO GENERATE THE BOND 
ELUT GARTRIDGB & WASH 
THE SAMPIE.
■  TO 
VACUUM PUMP
TO COLLECT THE 
FINAL FRACTIONS
MANIFOLD APPARATUS FOR EXTRACTION CN 
BOND ELUT CARTRIDGES,
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